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IMTtOOOCTION 


*How Many Oil-Drums, Boss?' 


They ny of the Arctic Surrival Comse, you ronrhe, you’re posted' 
Weil, I had passed. I had lorvived die tigoun ofthetrainiog whidibas 
to be endured by service mat, or wise civilians, who are likdy to be 
exposed CO the hazards of the Frozest North. We had been lazided by 
aiimfc oo an Arctic island, with Eslcimo guides, to learn bow *co Ure 
oiTthelaad'; catch fish through seven fivt of ice; hunt our (bod; sleep 
in snow houses; cope with blizzards; and come to ternu with tempera¬ 
tures of 50* below zero and knifi-edged winds. I had 'passed', with 
giaticude for an experience which was to serve me in good stead on my 
further travela in the Polar rcgioas, and with an unsdnced admiratioa 
for the Esldmot. 

We were back in base camp on Victoria Island, in the Beaufixt Sea, 
and a U.S. Air Force aircraft had arrived fiom Edmonton to take me 
off. The oew had escpected to ^end die weekend in Florida and been 
suddenly posted to the Arctic instead. It was their first expenence of it 
and they had not got mentally acchmatised. They had landed on aea toe 
and had Defected what othen would have r^arded as elementary pce> 
caution. Overnight the eaigues had fiozen up (that could be 'cured' by 
itnng a giant blow>lamp) bat they had aho been warned to filter their 
petrol from the oil-drusu which had been stored in die open. The 
reason for filtering is that ice crystals form in the odl-druras and can get 
tucked into the engine. 

They did. Nuggets ofice lodged in the carburettor and nothing could 
shift them. There was only one thing to do - dbmande the engine. The 
crew brought die big carburettor into oor hut and nursed it, like an 
orphan lamb, in^fiont of our stove. For hours and hours, they tried to 
find the block. 

Dave, our guide, ministered to their creature comforts with 



xai ‘how many oii-dbums, boss?* 

constant mugs of coffw and as he did so he watdied. Tite cathutettor 
was quite iwi^TwiHar (Q him but preaendy he came to tne and asked 
whether be could tdl them wdsere die blockage was. He did; and there 
it was! All he had done was to observe what they did and what they did 
not do. 

Hus guide was a remarkable chap. (Indeed most Eskimos are remark¬ 
able chaps.) He was a natural and be could contrive anything 

out of a metal oil-drum. Kitchen stoves were hb specialty but he had 
even nude a refrigerator! He boasted his prowess with oil^rums. 

One night, in the base-hue, Scott Alexander, a (onner Mounde who 
was the Commanding Officer ofArede Survival, tried to tease him. He 
showed him a pictute of the Queen Eixabeth oceu liner, told him how 
big it was, and said ‘You couldn’t make that, Dave, could you?* The 
P«kimo studied it doaely and said, 'How many oil-drums, boa?' 

The point of the story is not that the Eskimos have a sense of humour, 
but tfast diey are ready to tyklp anything in the modem world. As the 
Arctic has opened up, with construction camps, radar stations, air bases 
and minxi^ centres, engineering cootiactoo have discovered the sur¬ 
prising abilitks of the Eskimos. They arc intuitive enginecn. With 
telathrely litde training an Eskimo can handle tractors and bulldozen as 
wen as, or better than, KnUeona. the White Man - who is apt to forget 
chat snow-shiitmg is not muck-shifting and dut snow can be very 
tou^ indeed. They learn very quickly bow to repair and maintain the 
machinery, or dectricaL And, of course, they know OMsre 

about Arctic conditsoos chan visitors are likdy to learn. 

That is why they call the Elbow ImtuU, the Real Man. They know 
that Kebicma cannot exist in P-tkimn country without a welter of 
civilised equipment such as bested houses, radios, airctafr, supply ships, 
and to on. w^ everything an Eskimo family needs to sustain life under 
the harshest conditioni can be carried OQ a tingle dog sledge. When 
IGAIoone goes cravdiing by land it is Imtuit who must dww him the 
way. So, snee he can learn White Man’s ways quicker than the White 
Man can learn his, the Eskimo, without arrogance, knows that be is the 
Real Man. 



‘aOV MANY OIL-DSOMS, BOSS?' mi 

The mechanica] aptitudes of the Eildmo are certainly remarkaUe. I 
heard at first hand the story ofaa Eskimo boy whom I met at a missionary 
school at Aklavik, on the MackcnricDdta, taomilesnortb of the Arctic 
Circle. He was given a present of a wauh and he did what every boy 
wano to do, but xidut only an Eskimo boy would dare do. He im¬ 
mediately took the watch to ^ecei. The chapel bell rang. He put the 
pieces in his cap and stufied it in bb pocket, and, after chapel, went to 
bed. The next day be put that watch together again. >^ch is one 
reason why the Canadian Government are now training Eskimos as 
highly profident watchnukert, radio engineers, etc 

The explanabon of the mechanical apdeuda of the Eskimos is fiuxly 
obviom, when you come to think of it. It b a high degree of Natural 
Selection. For 4,000 years, the Eskimo has survived in the mow deserts, 
The Barrens. Only those with acute eyesight and a photographic 
memory could thus survive because, travclhag over wide expanses of 
mow-<overed landscape which dtifo and changes, pin-poindi^ per- 
rnanenc landmarks becotnes a natural and insdnedve, subconscious 
faculty. They develop a blueprint mind. CombiiK that with fingen 
which have to be nimble and with the fact that, dirougb aD these 
thousands of years, dsey have had to improvise They had no wood, 
because they lived beyond the tree line. They had no metal, except some 
native copper around Coppertnme River, in the Central Arctic. They 
had the pdts and bones of the tea and land creatures which they hunted. 
They h^ slate and soapstone 

I have met Eskinios who. until thirty yean ago, had never teen a 
White Man and who had lived in the Stone Age. They made their bows 
- remarkable weapons - by laminating articulated cariboo bone, and 
springy whalebone, bound with caribou sinew. Their arrows and spears 
were tipped with slate. They hunted the caribou for hundreds of miles, 
by sledge or on foot. They fashioned their snow knives, to cut the firm 
snow for their igloos, &om ivocy or bone. They would sit for hours 
by else seal’s breathing hole in the ice waiting to harpoon it when it came 
up for air. In summer they would go to sea to dsase the walrus and the 
ns tlwir ikin-canoes (ksyaks), or in ^beir skm-boats (miydb), which 
could b(^ a hunting crew. 

Yet those &kunos would step unconcernedly into an ainzafi. 
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handle a radio let m take a gdgcr counter with them to find tuaniuzn, 
oo the way to thett trap lines. But, toll, in the Leog Night, they carve 
their ttaditiooal toapttoae and ivory figtirines. 

Became I learned to like the Btkimn as a person and to respect him for 
his unusual intelligence and dcills, I began to ponder. Sitting with Luke 
or Dave, my Eskimo guides, in the domed igloo which they could run 
up from viigia snow in dtirty-fire minutes - a remarkable feat ofarchi- 
tectore and oonstrucnonal engmeexing I would ignore the blizzards 
outside and just concoitxate on the problem of Man and his Environ¬ 
ment. 

How was it that a race as intelligent and as adept as die Eskimo had 
never expressed itself in what we would recognise as a culture. (There 
are 'colrures' bur we will discuss them later.) Hie question, of 

course, is answered as toon as asked; they were die hostages of their 
envirooment. In the pattern of dvihsadoo, it was a cam of ‘attested 
development’, not in terms of mtelligence (they had to be dever to 
survive at alQ but of cultural evolutioa. 

They are a surviving example of how our primitive forefrtben, once 
naked to the dements, discovered the ways to clothe themselves in the 
pelts of the which the tool-making skills, jusrifying the desetip- 

oon Himo Mpiens, enaUed them to kilL Thus diey became masters of 
ibeis climatic environment and were able to move firom the warm 
repons, where fiicless, fatherless Man had originated, into the temperate 
zone and then into regions of rigorous cold. No modem tdentific in¬ 
genuity, except as finesse, can improve on the arti^gi, the parka, and the 
MukbiJEi - the fiu shirt, the for overco a t, die sealskin boots - of the 
Eskimo. Perhaps k was die success of their ‘doching technology’ which 
k^t them an Arctic people, and, because the pelts were indispensable, 
kept them a hunting people. Nature had provided them with the 
'caribou runs’, diose regular migrations of the northern deer. It had also 
deprived them of any ponihility of growing aops and becoming settled 
dliers, the essential prerequukes for elaborating a social and material 
culture. 

They to terms with an environment which was climatically 
rigorous, without the accessible mctili vdikh turned the Stone Age 
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into the Btonze Age anA into the Icon Age; wtthoot the fibres which 
could be woTOi to rcplice the need for tkios; withoa the grains which 
might lead to agriculture; and without the tun-baked days which 
would tuggat ceramics. Hiey were a people fiozeo into the matrix of 
a proto-civi l i t a tion , a living aoachroiium, withal an innately intelligent 
one. They were a people wudng for oil-drumt. 'How many oil-drams, 
boss?' 


For me, my experiessce of the Arctic waq an experiment in fj> yr and 
dme - a stepping back into history and forward mco the future. It 
reminded me of what it has become the purpose of thb book to show: 
that Man has mastered his environmait by hts own ingenuity; that his 
progress at every sage has been governed by At drcuttutances of his 
natural world, or of that past of it in which he fbond himself; that 
history, which we think of as wan and baol^won empires, was more 
truly dictated by what we would now call 'technology*, the applied 
knowledge which flourished, corrupted and &iled; and rKar, in terms 
of our present knowledge, thelimia which were teadud by, or imposed 
on successive dviliadons, growing in relative bolatton, can be 
extended by modem science. The fionden are no longer physical or 
gli marie but thosc of knowledge, or intennon. 


Once an hour, a piece df man-made hardware can cncirde this planet. 
A tdevision camera in it would see neither fionders, nor nadons, nor 
races, nor ideologiet but only, in terms of the universe, a dny planet on 
which a,doo.ooo.00o (and by 1980. 4,000,000,000) human beings have 
somehow contrived to live togetha; to feed each other; and, fi>c 
survival, to help each ocher. Our knowledge can cncompan dus planet, 
like that artificial satellite, ami liberate m«nlrinH fix>m the ciccunutances 


which have dictated the limitatiooa of past cavilbadoos. 

But it is in that past that we, in the pr esen t, can realise the challenge 
and opportunities of the future. 
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The Writing in the Sands 

'They ay (be tioQ tnd (be Utud keep 
The Coom eeherejamihyd ^oded tod dtamk deep; 
And Behnun, (bet greu HuDCet - (he Wild Am 
S umpe «‘ee hi* heed, ud be Iki £h( leleep.* 

OMAK KBATTAM 


like die ‘trailen’ of next week's films which highli^c cpitodes without 
disclostng the plot, a long senes of oqiaKncet, aQ over the 

world, have imprinted themselves on my mind and in my imaginadoa 
- inetdents which have made vivid for me the tnfatimg of Man’s 
achievements and foUks. They iUustrated (for me, at least) the dowdy 
evolving drama of Man’s stniggle with nature throughout the ages. 

For history is not just written in hooks; it is written in the sands of 
time. One can read it in a landscape, soch as the dusty wastes of Meso* 
pocamia, the graveyard of successive chiHsatioos. 

1. THB COCK WBICB CKOVXD IN MOSUL 

Beneath the balcony on which I was talking with die Director of 
Antiquities, in tweaoeth-cenniry Baghdad, lay the River Tigris. Its 
waters were so heavy with tilt (bar it did not rip{ 4 e; it pleated. The 
lunch we had just eaten had bcoi gritty with the wind'ioouiings of die 
Garden of Eden. The dust-laden winds from the desert were sofling. 

’Once upon a time,’ he said, 'the cock which crowed in Mosul could 
be heard in Basra.’ 

It would be a shrill cock which conld be heard over a distance of 700 
miles. But he was quoting an old saying, fraught with an cie nt meaning 

• 
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and mocking at modem citccmstancei, It roalls a when the 
vaHeyi of the Tigria and the Euphratei were so closely settled that a cock 
to the north could start a relay of crowing, which would reach the aea. 

We had been disniging the fate of Mesopotamia, the Land of the 
Two Riven, the aadic of the dvilisadons of Eridu, Ur, Erech, l.a ga«b^ 
Ununa, Nippur, Kish, Nioevdi, Asshur and Babylon Andent 
does are now stranded in the desen sands like flotsam left by a receding 
ride. 

History, as we are usually taught it, would suggest that wars and con¬ 
quests were the cauK thett and fall, but the Director and 1 

were ditruttiB g ceisoiu more profbtmd than military ones. Geography, 
as we are usually taught it, might si^gest that in die span of 5,000 years 
the climate of Mesopotamia had chained and had reduced the granary 
of the andent world to an arid region, but the &cts which we were 
considering wen diflerent. 

The evidence shows plainly that those lost cities were sustained by 
human ingenuity, in the form of irrigaaon, and by methods quite con¬ 
sistent with rainfall and coodidoos no difloent &om chose which g»i«r 
now. The carcumstances which forced the abandonment of does were 
the outcome of human interventioa and not of any change in climate. 
Wan were only inddeats in that human intervention - g gntfifant in the 
history books but still only incidenB, spectacular but not conclusive. 

Prom aerial photogcaphs, it is easy to see that the Tigris and the 
Euphrates, and the lesser riven in die area, changed their courses and 
left does hi^ and dry. Even diis was the work of mortal man. For 
example, the Euphrates once flowed past Ifr, reaching the Penian Gulf 
near Eridu, but the warrior Rim-Sin straightened the course of the river 
to that it by-passed Ur. The people of Erech, to the north, dammed the 
river to irrigate their region and Eridu and Lagash were both separated 
from the water and petisbed for lack of U. Etech later tufrered the 
frte: interference with its canals left it in a waterless desert The Euphrates 
sited up and built up the soil which now Kparates Ur and Eridu from 
the sea and makes the Tigris and the Euphrates merely tributaries of 
the Shatt-Al-Arab. This gives point to the Sumerian legend of the 
Creation which says, 'The land was still sea when Eridu was made.' In 
Sumerian times, Ur was 00 the coast of the Penian Gulf instead of being, 
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as it tt DOW, 150 mila &om the set. Archteologuts excavate quays and 
whar£ige in the middle of the desert. 

In modem baq, die riddle of die sands is not difficult to decipher. As 
one traveb across, or flies over, the Land of the Two Riven, the pair 
speaks eloqucndy. Aerial surveys show quite dearly the old water¬ 
courses, both natural and man-made. Across the wastelands run hmh. 
The meaning of these parallel dykes was explained to me by dse Director 
of Anriquides. 

The dykes marked the conrses of the ancient canals and teO of the 
limio of andent technology. When the canals silted, or were choked 
with drifting sand, they had to be dredged by mtaclc-labour, byscoo[K 
ing and tilling the mod on to the banks. When, however, the bank 
became too high, the hooun eflibrt of dredging became uneconomic. 
The lilt was too great and it became easier to dig new canals chan to 
dredge the old ones. So they were abandoned. Nevertheless, the itriga- 
pftn systems tiiut revealed are a remarkable tribute to the skill and 
iogenuicy of the Mesopotamians, They exploited diflereot levels 
beeweco the Euphrates and the ‘ngiii and were able to produce canals 
by gravitational flow. 

The profound lesson of all this is dut when yon start inter&ring with 
natural systenu you must tnaintatn your artifldal systems. Once the 
efforts are rdaxed for any reason, or once men become ffivolously vain¬ 
glorious. like Rim-Sin diverting the water ffom Eiidu, or Sennacherib, 
the Assyrian, drowning Babylon at the beginnbg of the seventh century 
B.C, nature reasserts itself and takes its revenge. 

‘Thar,’ said an archaeologist, as we stood upon the mound of a buried 
city and as be pointed to die reptoadiful landscape, ^0 proof of the in- 
genuicy and the folly of mankind.’ 

a. MBN8, MBNB, TBK8L, UrSABSIN 

Another Impression which endures widi me n of standing in the reeds 
by the ruiiu of Babylon, at a spot where Alexander the Great, master 
of the Known World, died in 320 B.C.. in his thirty-third year. 

Here the Euphrates and the Hillah Canal meet after enclosing the 
andeoc city. This recalls the story of the Feast of Behhaxzar. Belshtmc 
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was the Babyloi^ general of the sixth century 8.C, who was defend¬ 
ing the city against Cynts and the Persians. The garrison laughed when 
Cyius began to dig a deep trench around the dey in order, as they 
diou^r, to starve them out, whereas dt e rew e r e twenty years* ptovitians 
within the walls. Cyrus chose die night of the feast when the mysterious 
finger wrote on the walls of the banqueting hall ^Menc, mate, tektl, 
iipWstn* (God has numbered thy kingdom and fotud it wanting and 
diverted the Euphrates into die trench. The Persiaos invaded the dey 
across the dry nver-bed. 

In the embrace of the waters stand the ravished rains of Babylon, as 
tragic in their coodidoD at in their meaning, because to the attrinon of 
rime have been added the scats of The Spoilers. In intervening centuries 
it has been 'quarried* for its masoned stone, but in the past century, in 
the namf of irdueology, it has been {nllaged so thoroughly that it is 
now litde mote than a ground-plan of the dty (hat was. 

The glory that was the Babylon of Nebududnezxar hat certainly 
departed. Apart &om his swan and his subjogarion and carrying off of 
the Jesws into caprivity, the chief work of Nebuchadneoar was the 
aggrandisemoit and bcaurifying Babylon to surpass the vaunted 
claims of Nineveh. He repaired the great Temple of Mardok and erected 
the vast Imperial Palace on top of swhkh, rising terrace upon terrace, 
sPKce the Hanging Gardens, one of the Seven Wonders of the World. 
He reconstructed the Tower of BabcL The ‘cower’ was a ziggurat, a 

pyramid structure on the topmost tower of which swas a ^acious temple. 

Nature has added a sardonic footnote to the aspirations and spduriom 
of Man. There is no doubt that the HiPah Canal swas constructed, but 1 
heard eminent exp et u on the spot arguing as to which of the two arms 
of the svatercounes was man-made and swhich was the naturaL Nature 
has blurred men’s efforts and claimed them as her own. 

The Euphrams, tired of being disturbed in its bed, got its revenge. At 
one time it reduced the neighbourhood of Babylon to water-logged 
marshes. Here the malarial mosquitoes bred. They produced death and 
disease and crippled the popuLcioa so chat they were not able to main¬ 
tain the irrigation systems or rill dm fields. And to the process of collapse 
was speeded up and, with some jusrificarion, it can be claimed that it 
vm the mosquito, and not the Mongols, which in die end destroyed 
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Babyion. Long before the Asian bocdes became die pagan 'besom of 
descruetton' which swept Babylon, io dse folhliacnt of the prophecy of 
Isaiah, the mosquitoes bad become tbecommandosof cheLc^ ofHom. 

Alexander, irrestttible, conquered Babylon, swept through Penia 
and uuo bdia to become the master of dvilisatiom older than his own. 
At the head of his annies. he retumed by land to Babylon. There be 
sickened and died. ‘Here died Alexander the Great', said an Itaqui 
expert, at we stood anmngtt the mardi-gtasses of the waters of Babylon, 
‘He died of malaria. The mosquito was tbe King of Babylon. Remember 
that the Babylonians* chief god, Nergal, had as his symbol tbe tntect.’ 

3. VINC, TUI JUNCLB X1M6 

On the Indian jungle track which we were traversing, a man-eating 
dger had mauled and killed a tribesman just die day before. A jackal 
snarled in our path and then bounded into the oade^rowth-a reminder 
tb a r die tiger, for which it scavenged, would not be bt away. Wild 
trumpeted. This was the Kipling jungle of the Mo«^li stories 
and Jim Corbett's jungle ofthe Afim-MtiTS c/Ki«s«vt. 

We upon some vino-tmodiered ruins and, oat of the niches and 

the broken pediments, monkeys gibbered and mocked at us. 

Here, in tbe Himalayan terti, on the borders ofindia, Tibet and Nepal, 
was another unforgettable reminder of Man’s lost battle widi nature. 

Terti is not tbe name of a locality; k it a term applied to land whkh 
slopes gradually from the Himalayan fbodiills to the Ganges plain 
and which stretches along the northern frontiers of India. This 
pa fKrtilaT terai lies soudi of Naini Tal and Almora, in the cru tc h formed 
by Tibet and Nepal It is a land of many rivets, the soow-fed tributaries 
flowing south and west to the Ganges. 

To grasp the significance of this jungle it b necessary to go back a 
yean to the 0010 whm there was a proqieroui ovilbadoD, 
culdvating the fertile alluvial soil washed down from the mountains. 
There ca mf a time when the industrious peasants tried to extend their 
cultivation, in area and in season, by cuttiog urigadon canals from, and 
between, tL: Ganges’s tributaries. Theif very ingenuity destroyed diem, 
because they cut the across the natural drainage of the region and 
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the ground gtaduaDy turned to twunp. It became die breeding place of 
the *T\al»nal mosquiCO. 

In the upshot, the mosquitoes won and malaria either o£^ or 
drove out, most of the peasutty. The jungle marched m; smothered 
their canals; overgrew their villages and towns; and, where farms had 
prospered, there ranged the tigers, the wild elephants, the blue ftwn. 
the jackals, the leopards, die cobras, the chital and die wolves. The 
monkeys held ribald court in the halU of princes. Of that jungle (as of 
Babylon) Ping, the mosquiro, was king. 

Of course, in the legends whidi pats as the history of thn region, the 
collapae is asoibed to wan, because men, in perverted always 

insist upon being the instrumems of their self^lcstnictioo and would 
never admit to anydiing so unhetoic as being conquered by an 

Even the legendary story of the Tharus and the Bhuksas is, in tnitb, 
only a marginal note to the clinical pathology of the jungle. These are 
two tribes, sparse in number, but reputed, because of survival in 
this malarial r^ion, to have a natural unmunity to the disease. They are 
certainly hardy breeds, who have persisted in this locality since tune to 
remote that they are probably die aboriginalt. They themselvet claim, 
and perpetuate in theit customs, a more glamorous account of their 
otigtns. According to them, they are descended &om a royal fiunily of 
Rajputs, the warriot^<aste of the Hindu tocioKeligiotis system. 

After a battle in which the k«ng and ptinca of this royal funily were 
defated and wiped our, the Rajput princ es se s fled into the jungle widi 
the servants. From the intermarriage of die royal women with the men 
of the two servant tub-castta, the Saises and the Chamars, came the 


Tharus and the Bhuksas respectively. A &ct which might lend plausible 
confimutiott to this b the relative stata of men and women in present- 
day tribes. Unhke most women in India, the female sex here u not 
subservienL Hiey are at least equal «nd. indeed, from accounts of fifty 
years ago (although I did not fmJ them to be true today) the wossieo 
refused to eat with the men. whom they treated as social inferiors. 
There is, traditionally, polyandry, that form of polygamy in which a 
vroman hu several husbands. In ICim, KipHng presents The Woman of 
Sbamlegh, with her many husbands whom the despised. Sfaamle^ 
u in (he hills on the edge of thu jangle. 
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However princely their otigiiu, die two jtmgle criba were tedoced 
to truculent squalor; diey were fUntmb and resented from die 

world outside the jungle. They resisted the Indian Government’s 
attempts to reclaim the 1,700,000 acres of this lost land with its arable 
soil and turn it into setdemenls for army reteram. The tribes hid tbe 
mosquito as their ally in their resiitance, becaose the reputation of the 
r^on as a malarial graveyard was suActent to discourage any pro>> 
pectivc settler. 

So the Govemment called in tbe World Health Organisation to deal 
with the malaria in advance of the bulldozen and treedoacn which 
would rip up the jun^ and dear it £br Sirniittg. The tribes’ re ception 
of the malaria teams was Just as hostile. And with some josti&catioa. Cor 
what the Tharus and the Bhultsas saw was convoys of irucb and jeeps 
and spray guns movii^ in. All this could not be directed against a tiny 
little They refused to let the Sfwayen into their villages, much lest 

their homes. 

‘Babujee, why do you come to kill ui ?* the Tharus demanded of the 
leader of die teams. 

‘Thamsl’ xepUed Dt Peter Issaiis, the Gtcdt, ‘I come to gjve you life, 
not death. I come to loll the mosquitoes, not you. I come to save you 
&om the fevtt' 

It was true. A year later the mosquitoes had been conquered and 
thousands of acres of the jun^ bad been cleared. And Dr Issaris went 
back into tbe villages. 

*Thartut’ he said. 'Did I come to Idll you?* 

'No, Babujee. You came to loll die mosquitoes. And tbe lice)’ 

4. TBS tOCUST MSN 

One night, during the London blitz, widt the anb-airenft guns 
pounding outside and esiemy ainzaft overhead. H. G. Wells, J. G. 
Winant, the American Ambassador, Ivan Maisky, tbe Riinian Am* 
bassadoc, and I were dining together at Wclb’s home in Regent’s Park. 

The conversation was not about bombs, nor about die war, but about 
the ways in which the worid could be altered for the better if the 
tesoutces, the efibn and the ingenuity which went into total war 

m 
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could be appbed (ot peaceful purp«e». We were quodug examples. 

Mutky retniitdcd os that in his pre-Revoludonary days he bad been a 
Student, and bow in ipip-ao be had been sent by the Soviet 
Govenunenc to carry out an ex{^ratory survey of Outer Mongolia, 
that UDd 4 ocked ootmtry which lies between the Gobi Desert and Lake 
p ^iVal For eighteen moaths he bad travelled backwards and forwards, 
on bone and camel, Lving in dte ywts, the Monged tents, and sharing the 
bfe of the nomads. 

His constant companion on these jotimeys bad been a thirteenth- 
century monk - not u a ^sost but in the form of a remarkable joutnal. 
This monk had Ve" sent to Mongdia by Louis DC to try and conveit 
the to Chrisdanity. St Louis's intendoni were not entirely rel^ous. 

He was aisother crusade and bad conceived a grand design in 

strategy. If Western Christendom wcK to attack the Saracens &om the 
front and the Tartars would come out of the steppes of Asia and assail 
them &om the rear, then victory would be assured. But Locus could not 
an With a h^rhiTi, io the monk’s job was to convert him. 

He did not sneceed but be kept a journal which, as Maisky testified, 
was a remarkable p itye of shrewd and derailed observation. His account 
gave a pretty complete picture of the country, its people and its way of 
life. It was a liistorical control’ for Maisky’s own survey. 

As be said, the conditions bad not changed in the intervening cen¬ 
turies. The Mongols of 1919 (circumstancfs have improved since then) 
were living exactly the same life as their fmefathers, down to the details 
of their food, their tents and their nomadic economy, which sdU 
depended on five - die horse, the cow, the sheep, the goat and 

the camel 

One of the obaemtioos which Maisky had made and which he re¬ 
peated to US was the explanation of die great Mongol migrations which 
we identify with Attila dte Hun, Genghis Khan and Tamerlane. On his 
reckoning, the population of the steppes, human and animal, doubled 
every hundred years. Thcit tribal tracts could no longer support them 
and they would bum die bounds. The impetm would carry them into 
rkjni, into I ndia , into the Middle East and into Europe. They became, 
as H. G. Wells put it, ‘locust men’. 

Maisky another obsenradon during his survey. His conclusion 
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surpcised US. He said be knew why Mongolia bad remaiaed unchanged 
througbout the centuries. It was the dunaie. And he had decided how 
the climate could be changed. Outer Mongolia was shut off from the 

fain-bearing and tempering winds of the Pacific by a ring of motmtains. 

He had suggested dut by moving mountains great ventilaeing 
should be driven through the 
'And why didn’t you?* asked Wells. 

‘Because the Soviet Union had to build tanV* and battleships.’ said 
Maisky. ‘In a peaceful world, it could have been done.’ 

S. DBLBNDA BST CABTHAGO 

We stood on the hill above Cardiage, as the sun was approaching its 
setting. As it dropped towards die boetzoo and its rays fawy* almost 
horizontally aaoss the naked landscape, a strange dung happened: we 
saw die ground-plan of Roman fields, 3,000 yean ago. The sloUow light 
had brought up, as shadow-graphs, the concealed contours. If I had been 
an experienced surveyor, I could have measured chose fields. It would 

not have been difficult because they conformed to a regular pattern and 
to a geometrical predsion. 

‘This was really a culmination of an experience. I had already ttavelled 

out into the deserts to see the fortified frnnhouses. those frrm-forts the 
peasant garrisons of which had tilled the land and the tamparta 

gainst the desert marauders. Tliose fortified fannhousa had marked 

c^ perimeter of the settled area of North Africa, which had been one of 

the great Roman granaries. So, contemporarily, from the evidence of 
the extent of the province and die size and nature of chose it is 

possible to estimate bow many peo{de the area vduch we now call 
Tunisia was able to sustain. Merely to cultivate the area by the practices 
of die time (ut. without tracton or combioe harvestm) would have 
needed a peasant populadon three nmei the present populadon. They 
not only fed themselves but supplied food for rarthigf ityff whkh had 
an estimated populadon of doo.ooo, for die trading ports of Oea, Leptts 
Magna and Sabbeatfaa, and for the bread and circuses of imperial Rome. 

From that hilltop, we could look two ways ~ down on the tuins of a 
city which had suffered the plunder of 2,000 years, and down on the 
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rmos of a toil which bad beeo {^mwiered alio. 

Whb me wat Charies Saum^nc, a really tcmatkable Frendiman, 
dien dte(ciTiIun) loipector-Geoeral ofTunma, a man who had dedicated 
hii life to the genuine ondentaading of North Africa, its people and its 
land. He knew its past. 

a sog^producer tetdng a drama, be could shift the scenery of 
present and raise the curtain on what-had-been. With a sweep of his 
hand be could atvdiA modem Carthage, which might be any Mediter¬ 
ranean resort, and conjure up a proud but grim history. 

In place of tramcan, there would be ^ city of Virgil's Dido, of that 
fugitive Elissa who fled from Tyre in, or around, Sjo B.C with other 
tefiigeo from bet brother's tyranny to re-establish what had been a 
S i d<^ i»n trading port, way back in the sixteenth century B.C 

Hus outpost of the Levantine Phoetudins was to become the great 
empire of Carthage and to be confronted by the rivalry of 
Rome. They clashed in the Hrst and SecondPunicWmwhich destroyed 
the Canhaginun st^sremacy as a merchant people. 

When die tea-mastery of Carthage wat broken and it wat deprived 
ofits means of trading, the Phoenician merchants, as inexpetienced in 
the ways of the soil as the Jewish merchants, mannequins, doctors, 
typbo and trinket-makers who in die twentieth century became the 
frnnen of modem Israel, turned their attention to their hinterland. The 
mcT gic t and enterprise which they had exerdted in merchandising went 
into fiirming and they became such efficient agronomists that their 
system of culdvatioa was the basis of all Roman and Greek farming in 
Africa for centuria thereafter. Their success was their undoing. 

When a crivial, local quarrel developed between Carthage and 
Nnmidia, Rome, suspidoos and uneasy about the people it had van¬ 
quished, seized the pretext It oflered what today would be eaDed a 
‘Good OfEccs Commissioo’ to intervene in the quarrel. Cato, the Elder, 
was a member of that mission. He was that edebraeed Roman who, 
having reached high office, retired to his Sabine ftrm to cultivate it with 
his own > the quoted example for aU disinterested public moi. But 
that wu no comfort to Carthage. He was a fvmer and like his kind 
was chary of eompedrion. What he mw in North Africa confinned his 
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woat lujpiciom. Its prosperity was to offemivc to him that he tyu r mH 
to Ronw and prodaimed ‘Delendt tst Otrdugo' - 'Carthage must be 
destroyed’. And h is noteworthy diat in the Senate be waved, not the 
traditiona] sword, but a bunch of figs; the threat of Carthage was not 
military but economic Carthage must be destroyed because h had 
learned rise arts of peace too well They who lived by the plough must 
perish by the plough Militarily helpless, the Caidugtnians were crushed 
in the Third Punic War, that ano cnt piece of Hitleriim. The Romans 
razed the proud dty to the ground and symbolically drove a plough 
through the ruitii. 

With dramaric vividness, Saum^ne recottstrocted the last days of 
Pho en i ci an Carthage to the tragic eh may when the mothers, beseiged 
in die Temple of Eshmun, flung their children over the parapets into the 
blazing mins of their dty before they perished chenuelva. 

The Carthaginians who had manned the Meditertanmn Sea had 
mastered also the wilderness, and the granary they had created 
the Roman spoils of war. Wlienjulius Caesar, pursuing the last supporters 
of Pompey, reached Carthage, be found its ruins idD sheltering the few 
survivors of the Punk popukdon. He dedded to rebuild it as a Roman 
dty and, under the Caesars, Carduge was restored to pomp and dt- 
cumttance, to be destroyed in turn by the Vandals, rettoced by Bdi- 
sarius, and ravaged again by Hassan, die Arab, in a.d. 1S97. 


moonbght was glinting in the lantern-eyes of the jerboas. A few fires 
were burning where the Bedouins bad set light to the growing caoiel- 
thoms to get warmth in (he cold which had succeeded the 
heat. 

‘Tdl me,* said Charles Saumagne, earnestly, as we surveyed the 
silvered desolatioii. 'that there are in the world ten men who beEeve 
that die desert can be made to blossom, ten men who believe chat we 
can redeem the stupiditks of xnankiiid, and I shall die happy,’ 


In the night which followed diat day when those ghost-fields emerged 
om the past, Charles Saumagne and I were standing in the desert. The 
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6 . TBI LIVING PYRAMIDS 

Hundreds of images of die Buddha look down front their nidsa and 
stupas CO dK great pyramid temple of Borobodour. This Buddhist 
temple is situated near where the rivers EUo and Progo meet in the heart 
of Java. I was taken there to be impressed by this marvel of Hindu 
ardiitecture, at least thirteen hundred yean old. I was duly enthusiastic. 
This great stone structure stands on a base 600 feet square and oik cUmbi 
through galleries of images, a tremendous testamooy to the devoutness 
and the crafrinunship of an earlier dvilisadon. It belongs to chat age 
when the Hindu Empire stretched from India, through the Polynesian 
Islands, to Bali. 

But I was more enthusiastic about the living pyramids, which 
belonged to an even older civilisation. Those tetraea of inaninute stone 
did not move me half as much as the pyramids of growing rice - the 
terraces, which climb the mountains. Every fiaot of soil - and sometimes 
the ledges ate no mote than a foot wide - on the side of the erstwhile 
volcanoes is made to yield rke, with ingenious water-management to 
flood each terrace for the wet paddy. Often they yield more than rice, 
because these forifry peasano following the craft of theit ancestry have 
the of fish-farming. The fingerlings which they put in when they 

flood the terraces and which ‘graze’ in the underwater pastures of the 
growing rice, are about the size of sardines or pilchards when they 
are gathered three months later. This is a vital source of protein for the 
peasants, supplementing their rice diet. This living architecture of 
terraces u something which they inherited from andent rhina , where 
through the miUennia, the peasants had husbanded every foot of soil and 
every drop of water. 

In those same hills of Kulumprogo I saw a sight which will remain for 
ever unforgettable. Like gnomes in tome weird Cury-tale, copper-red 
bodies were digging and delving in the mud at the bottom of a pit and 
scurrying like ants up a swaying bamboo ladder as long as a fire-escape, 
with baskets of mtsd on thett heads. 

It was all part of the incredible tcesK which I watched under the 
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blutcring sun and! I became guUy and my musdes ached in syn^ihy 
with the badt-btcaking cfibm of those toUen. I felt at though I had 
stepped back out of the twentieth century and was watching the 
Babylonian slaves digging the Hillah Canal. In this way. and with such 
primitive tools, they muse have diverted the Euphrates. 

Those peasants wen cutting a ibrey-miMong canal with nothing 
but their own muscla. pick-axes, mattoeb. hammen and chtte b When 
they cncotmtcred rodcs, they juae chiselled their way throogb. They did 
not use gelignite because they did no( have any and because, for them, 
man-power was cheaper than explosives. So they used baounen and 
chiads and wedges to chip and split the rock into pieces small enough 
for the bearers to carry in tbdr bead-baskets. Work, which a 
shovel or a bulldozer and a few stub of dynamite could accomplish in 
a few days, took hundreds of peasants months of strenuous eSott In a 
year they bad advanced two and a half miles through the volcanic 
mountains. 

Those were not Babylonian slaves. They were free formers working 
for a greater freedom on an enterprise which they themselves had was ted . 
Those were the Hungry Hills where throughout the generations life 
was even more desperate than in the plains. To those peasants 
down from the hiUs, the valleys with theit paddy-fid^ were a sort ^ 
Promised Land. In the mountains there were only coconuts, hanafia* 
and cassava, from which comes tapioca. One thing whids is common 
throughout the world is that at the lowest levels of Imman survival, 
short of eating slugs, like the Australian aborigines, people turn to such 
things as cassava, to give them starch for energy but for little else. To 
such people even a handful of rioc is a luxury. 

Those hill peoples wanted rice but tice needs water and the Progo 
River by-passed their slopes. So as a result of the dcaring of the region 
of the crippling disease, yaws, dv peasants turned their new-found 
ene^y to a purpoK - to cut a canal, to bring the water from the Progo 
River aloi^ (he ridga of their mountains so that they, too, could have 
steep-tiered terraces flushed with cascades of water from above. This 
tremendous eflbrt was an act of dedication as profound as the building 
of that temple of Borobodour. But it was a dedkadon to life for them- 
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selves, (heir children end ior their chUdreo’s duldren. 

The first cfiea on me wu to provoke b f eel i n g of indignatiioti and 
reseotmcnt. After all. this was the twentieth century. I was there for the 
United Natioes and sorely something could be done to give them buU- 
dosert and dynamite, for examfde. When I vmced my indignation, 
however, I received a very salutary reproach from a wise United 
Nations expert, who knew the comtry and who knew the people. 

*Try to understand.' he said, ‘that thb is their canal. For the fixu time 
they vrili have something whkh they will not owe to die money¬ 
leaders. Always they have been in debt for die means of theic own 
If anyone were to offer them material help, they could not 
believe chat it was, influx, disinterested. They would think that this was 
a gain sofflc dcvice of the money-lenders. No, let them foliil themselves 
and their purpose. Then when they believe in themselves they may 
believe in the help that we can give them.' 

7. BLOOD AND SOIL 

Widi a cwoitiedi-cesitury shudder at the dark stains of sixteenth- 
century blood which disetdoured the runneb of the altars of Monte 
Alban. I decided that nothing had to disfigured Mexican history as that 
episode of human mcrifice. 

This was the holy city of the Zapotea. built on a man-made plateau 
levelled by the sawing off of two mountain-tops. Massive temple build¬ 
ings testified to the power and the arrogance of the priestly cult which 
left an aura of brutaUty arousid the stones themselves. There was som^ 
fKlit g gladiitorial in the architecture and a sense of the inhuman in the 
styli^ frieics. It was not pure imagination whidi produced this feeling, 
nt hn it was the contrast with the softer and kindlier architecture and 
figurings of the temples at Mitla, just a few miles away in an adjoining 
valley - the relics of a civiluation which had had no human sacrifice. 

The sense of arrogance was emphasised in the archaeological diggings 
which had cut throu^ the temple terraca and bad revealed bow suc¬ 
ceeding orders of priesthood had obliterated the carvings and oaftwork 
of their prcdecesson by piling masoned stones, so that the step-work 
rose and higher and more and more portentously. Each suc- 
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cetuon had built on the fouodacioiu of its p«»t but bad buried that past 
ia the proceta. 

In the peloca oourei. within the temple coa£na, the finest yooch had 
exercised to the acme of athletic perfectioo. Only the poffirt was good 
enough for the gods. Male and female, the young peo^ wen bred for 
sacrifice. 

On the ceremonial occasions they were thrown upon the al t a r s, t hei r 
living bosoms were cut open and their beating hearts com out by the 
priests. Their blood flowed down these runnels. 

Dut those priests did not only tear the hearts out of their victum: they 
ton the heart out of the country. From the summit of a temple we 
looked down upon a ravaged countryside. The Valley of Oaxaca once 
had a fordlicy as legendary as die Garden of Eden. Now there were 
desolation, bald hills, and valleys gashed with gulley*«tosion. To build 
their temples the priests had had ^ massive blocks of masonry carried 

up the steep hillside and had fired the forests to produce charcoal to make 

lime for the temples. The raiiu had scoured oS the unprotected soil and 
lefi a landscape in ruins, more ominous even than the stone ruins of those 
departed priesthoods. 

’This,’ said M. Paul Rivet, the Frcxich archaeologist, with a sweep of 
his arm over the temple city, ‘produced that.’ 

S. NIGHT AT NOON 

At high noon we flew into night. The fligbt>itewards switched on the 
lights in the cabin of the Trans-Canada airliner as we approached Wtnn^ 
peg. There was consternation amongst the passengers at this apocalyptic 
biotcii^ out of the May tun. Then the aircraft began to chmb and escaped 
from the darkness into sunshine again. Below, however, was a dark palL 
Irutcad of ^the usual skyscape of white plaiiu and mouncauu of cloud, 
the sunshine made sinister the billows of what looked like dark brown 
smoke. 

Indeed, I thought we must be flying over a vast forest fire with smoke 
to dense that it hid the fires themselves. But the pilot came bock to 
escplain that this was a dust storm, which was hanging over the city of 
Winnipeg and was so thick at ground level that it was impossible to land 
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at the airport. To the paecngers' dianay, be said be might have to fly 
oo to Toronto. Hiis wu bad news foe tbow pastengen who had been 
booked to land boon eariter at Saskatoon but who bad been unable to 
do so because of the floods. It was also bad news for me because I had 
my arrival at Winnipeg to catch a flight vduch was to link up 
with my estpeditioa to the North Pole. 

For over an hour, wc circled over the ciry and then a hole appeared 
in the dmt ebuds. The pilot dived through and we landed in a rainstorm, 
which was sheets of Everything in Winnipeg was covered with a 
layer of kluki - like a grande camouflage. 

The wcatbef-men had taken samples of that dust, right up to its 
ceiling. At S,ooo feet the dust bad been that of Texas > 1,500 miles away. 
At various levels the samples were from Oklahoma, Nebraska and the 
Dakotas. Tbe heavy pardcles of dust nearer the ground were those of 
Manitoba. Use explanadoo given me at the time was that there had 
tyfP a sharp thaw in the feost'bound nortbera states, followed by an us- 
bfft t which had dried out the soiL The winds from the south 
had whipped the top soil into tbe sky, all the way feom tbe Gulf of 
Mexico to the prairies of Canada. 

It was just an iaddent. but an ominous one - a reminder of the Duse 
Bowl of t934-}5, when tbe soil of Oklahoma blotted out the tun over 
New York. For weds and months, the farmers in the Dust Bowl seata 
of the West had stood helplessly in their fields watching the wind rob 
them of the top soil which was the foundation of their livelihood. The 
then, was plain enou^ This was the punishment of nature’s law¬ 
breakers. Once the mid-west had had a nat^ cover of tough, thickly 
nutted grass over which the winds could roar harmlessly because it 
kept dve soil intact. When Man applied his methods of agriculture to 
tbe endless pastures, be had broken this natural cover, cropped and 
harvested the plains, with rich reward, ontit he had taken from it most 
of its nourishment and its natural cobercnicc. and had left it as diut He 
had cut down the forests whids had tempered the winds and had left the 
land naked to their mercy. 

‘Hut was a saluary warning which the Ubited States heeded. Tbe 
soil-cottservation prognouna and the replanting of forest areas, wind¬ 
breaks and ihdter belts were put in hand. In eight yean Forest Service 
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planted 220,000.000 trees. They had set up the ‘dco to cateh the wind’. 

‘Man cannot change all the forces of natxtre,’ said President Roosevelt, 
in endorsing the plan to check wind eronon. ‘hut be can modify his 
own surroundings.’ 



The Tool-making Animal 


BcsihB: 'I tWi jamin l^iiiUxo*i <i(£nitioD of Min 

it t good ooe - “A lool-aukinc aaiauT 
JoAmm: ‘Bn many • mu new made a tool; and Mp> 
poK a mu iriihovt anna > he could not make a tool.' 


I. IN THB BBCINNINC 

Hk debate tdli at to where, in tbe world, the human race, 

Homo Mpteitr. originated. The rtroi^ presumption, however, suggests 
A^ica. As fin Piene Teilhard de Chudin. ooe of the wodd's greatest 
experts on early man said: 

^It it apparently in the depths of Aficica, not oo the shores of the 
Meditorancan or on the Asiatic plateau, that tbe primeval centre of 
horaaa expansioo and dispersion must have been located, long before 
this centre in much later times, towards (or even split between) 

and America.’ (buemational Symposium on Anthropology 
in New York in I9p.) 

There b a plausible reason why tins should be so. While most of tbe 
great mMiei underwent tbe grinding of ice and the Oonvulnoos of 
mountain-making, the soud^tn part of the Afiican continent was 
exempt. From millions of yean ago, even from tbe time when our 
evolntioikary ancestors were still fish in the Palaeoxoic seas and when 
forest vegetation had still to appear on eatdi, the continent south of the 
Great Rift has remained intact - a laboratory bench for experiments in 
evolution. 
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Tlie CToladoo in which diis book is interested is that which gave 
Man the £iculties and opackics which made him able to conic to tenxis 
widi his environment instead of bcitig merely subject to it. In other 
words, it is interested in Man as what Benjamin Franklin called him, 
tool-nuking animal*. 

The elements of Man's «kill« existed in creatures which lived about 
50,000,000 years ago. Their modem survivors are the tree-shrews, 
lemurs and tazsien. They had five movable digits on each limb, which 
were well-adapted to climbmg trea and swinging on btanches. Unlike 
four-looted animals, with paws and claws, the first digit - the - 
was flexible so that the creature bad the ability to grasp the small int^ 
which it ate and to pluck fiuia with iu fiout limhs. Thus these 1 imh« 
(which could not yet answer to the description of arms and hands) 
began to acquire the fiinctions which in four-footed awtmaN are usually 
performed by jaws and teeth. 

These creatures, called proiiminans, had eyes on’each side of the bead 
but in course of time the eyes shifted to the front of the head so that they 
could be focused on an object which the brain then resolved as a stereo-' - 
scopic picture - chree-ditnemional. The tatsiers, still surviving in the. • 
Ease In^cs, is a living survival of diis stage of evolution. It has eyes like 
enormous spectacle lens and they are forward-looking. 

These ptimitive creatures were the ancestors of the monkeys, apes * 
and men. It was probably because, small and inoflensive, they bad to 
take to the trees to escape fiomdieir enemies that they evolved diflerently 
from the ground-dwcUitig mammals. On the ground, animal* can rely 
largely, both in seeking their food and avoiding their enemies, on their 
sense of smell, but in the trees they have to depend on alertness of the 
ocher senses of sight and touch and hearing. So they acquired brains in 
which the senses other than smell had to he mote developed: The brain 
increased in size, until within the tescrictions of the skull, the tissue of 
nerve cells had to fold itself over and become the convoiutioos and 


lobes. Today in Man the 10,000,000,000 brain cdls, weighing three 
pounds, are packed into the casket of the skull eight inches long and foot 
inches deep. , 

The pedsensile digits of those early fore-limbs created a new sense. A 
dog, obsernng a snqncious object, will sniff it, but a monkey confionted^ * 
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with somethiDg unusual will look at it and hnger it. (Ifwhat the dog mtfR 
is a hedgehog, it wiJl.) The wnai; <if fittl ma gwifigd in r^t pa<n 

will develop into an instinct, what-to^vosd. 

In the monkey, however, as in Man, the hand became not only a 
grasping o^an but a sensitive iiutrument of touch. Combined with 
sight, couch was to become the factor in manual skills. 

The fretdries which were developed to meet the needs of out tree¬ 
living ancestry were also limited by the condidons prescribed by their 
eavirootrKot. Those who contioued to Kve in the tre^tops, like the 
wild monkeys of today, developed spcdal auxiliaries, like the prehensile 
tail which gives the New World trsonkeys what amounts to a fifth arm. 
But there is no reason to suppose that they are, today, any more intdli- 
gent than ancestors of 40,000,000 yean ago. Other forest dwellers, 

like the baboons, might become ground-dwellers but they developed 
Im which were like hands. 


2. rtOCONSUL 

Muds doser to us in the descent firom our common ancestry are the 
apes. After OMitkeys and apes had come into existence there was a time 
of immgtug importance to subsequent evolution when the apes became 
diversified. This was about 25,000,000 years ago and the best evidence 
for it comes from tropical Afnca and from the island of Rusinga in the 
north-east comer of Lake Victoria. Among the many fi»sil apes found 
there is Proconsul, which is not very far oS* the direct line of human 
ancestry. Proconsul was stiD monkey-like. It was capable of tree life 
and of swinging by its arms from branch to braisch but it was also 
capable of tearing up and walking on two legs. 

Prom this group, two lines exxserged. One line of descent persisted 
as the forest ape, developing longer and longer arms and bough- 
grasping baisds. The ocher led to Man, through ape-like creatures which 
accustomed to more open country, away sometimes from the 

forests. 

Those grassland creatures devdoped the habit of walking on two 
legs. Ihis left the hands free to carry die young and to collect food. 
These early HominiJae were probably already quite different from the 
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apes or Poi^iJae as long ago as xo,oot^ooo yean. What diffcrcDtiated 
them was that Homlnidae walked erect. The apes like the orang-utan 
and the dumpaniccs walked cither on all fours or ina crouching poiitioo. 
iQddentally, they walked by using the knuckles of the fisrelimbs u 
paws. But the type which was to be developed into Man changed its 
skeleton through the modification of the pelvic girdle which enabled it 
to move in a more upright manner. The rear 'hands’ foe*, jbey 

lost the power of clutching and became the pedatals on which Man 
could stand scraighL The legs also outgrew the arms in IcngiL The 
remained as it had been, with its power to grip but, snee it was no longer 
required for walking on, it became progressively more scnstove and 
skilled as the organ of manipulation. 

3. AUSTXALOPtTHBCUS 

Skipping millions of years - because this was a slow process - we find 
in the Pliocene period, perhaps a million years ago, a type which was 
cecognisably more ape than man. This creature existed in Southern 
Africa as the Auttrolopithetus. They were small, less chan four feet high, 
and they walked erect Remains of them have been found in Bechuana- 
land and in the TtansvaaL They lived in litnescone caves, and there is 
evidence that they may have used fire. They appear.unlike the forest 
monkeys, to have been carnivorous because in the caves there are frag¬ 
ments of animal bones, e^ shells, crab shells and antelope-limb 
These antelope bones are interesting because they had b^ tmaduvl to 
extraa the marrow. 

It is, of oourte, (he habit ofbaboons occasionally to prey on la p ibt md 
other animals of similar size, using their powerful canine twrK u 
offensive weapons. To deal with la^er animals such as an antdope they 
have to herd together, dose in on it and tear it to pieces. In the case of 
the Austnlopilheats, the South African ape-man or man-ape, the ranine 
teeth are smaD and levd with the odser teeth to chat they could not have 
been used as tearmg-frngs. They must have had to use weapons to fdl 
their victiins. There is nothing in the remains so far discovered to suggest 
chat they made their weapons but in cos\|unction widi the fossils have 
been found stones from distant streams. 'They did not make their 
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weapons but thejr used tboae which nature had already provided in the 
shape of stones, as missiles, or sticks or ammal loog^nes as dubs. By 
Rf-njftmin pranklui's definition, therefore, the South Af rican creatures 
were not 'men', that is, ‘tool-miking anitnak', although they were 
'tocdnising’. - 

Ihete is an argussent, however, that dsey may have existed cootein- 
ponsteously with tool-making creatures. And very significant finds 
were nude in Tanganyika in ipjp. 

The earliest 'tools' can be dated by their geological setdng as eritring 
over half a million years ago. At first human artiiacts were crudely 
shaped pebbles. Plenty of evidence of these have been found in river and 
lAg terraces in Uganda and Tanganyika. This pebble culture was 
followed by more advanced forms of shaping rough cools, showing a 
slow but steady progress up to about 100,000 years ^o. 

4. rsCINO MAN 

Tool-makit^ and meat-eating seem to have gone together. Large 
quantities of meat bones were found in assodation with the remains of 
^ Peking Man ( 5 manikrepur), and it is not difBcult to undetstand 
why tool-making arose out of carnivorous habits. Although with their 
itttunl weapons - stones and cudgeh - these proto-snen might easily 
kill game, they would have obvious difficulty in removing the skin and 
the fur and finding the flesh. ^Xlthout strong like the animals, 
they would find it difficult to tear the animal apart They would find 
'fai^' in the shape of sharp pieces of stone and when they could not 
find such sharp pieces they would break scones to get the edges. Here 
was one origin of cool-making. 

The diange-over firom being a vegetarian to betng a tneat-catcr also 
afiected the character of the way of life of the early Man himself. A 
meat-eatiag creature needs a smaller quantity of food - in bulk - rban 
the vegetartan. Instead of having to eat almost concixusously like their 
fruiMacing cousins, the earliest Men then had to spend most of their 
daytime in huntbg. Instead of continuously replenohing their energy by 
nibbling plant food, they could eat meals of concentrated proton in the 
shape offlesh and store their energy against the efibrts of the next stage. 
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5 . THINKtNC MAN 

If tbe arguments of apparent fiuts are accepted and Africa is acknow¬ 
ledged as the cradle at least of tbe Hminidae, tbe creatures who were 
r ifhfr our grand-to-tbe-nth-Ciriien or our great-tothc-nth-unda. then 
Man strayed a loi^ long way from home. But, of course, be took a 
Ifin g, long time about it: Australopithttus, the South Alrkan mannlA 
ape, fri t ted about i,oo(\ooo yean ago; j00,000 yean later Peking Man 
and java Man had emerged as &r away as Asia; in Europe we find the 
Hei^bexg Man (about 300^000 yean ago); the Swanscotnbe Man 
(about 200,000 yean ago]; the Footeebevade Man (about 200,000 yean 
ago); and tbe Neanderthal Man (about 100,000 years ago). On drat 
tuno^cale, eventual beings, whom we would be prepared to recognise 
in the portrait gallery of our ancestors as Homo, rate a mere $0,000 years 
-just the blink of an eye. 

During those aeons, the physical characterisdes were changing. The 
knuckle-walking creature had ceased to go on all fours, or even to 
slouch (lilfft a gorilla). His kgs had lengthened m proportion to his arms. 
His teeth had ceased to be fuigs for tearing - in any defensive way - and 
bad become useful only for bit 04 iicing and chewing. His jaw bad 
shrunk; bis physiognomy had changed; his snout was becoming a nose 
(more suitabk Sot wearing spectacks later on); and his skull was 
gradually pving him a higher brow. He bad km the last outward 
vestige of a tail and he had shed most of his hair - at least he was no 
lot^ a furred animal. Peculiarly, among all tbe creatures, he had 
become the one least equipped to cope naturally with the elements. He 
had neither fur, feather, shell nor scak. At best he had a skin which 
would pigment as a protecdon from tbe rays of the sun. That, however, 
implied that there was sun and warmth and, yet, proently we find him 
with conditiou foe which he was ill-equipped by nature. 

6 . TBS FIXB-MAKIMO MAN 

The reason for his mobility over the sut&ce of the earth and for tbe 
tarvTval of his evolutionary species was that he became a tool-making 
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aiui fii^nuldng animaL It i» clever of a Ubooo to pick up * «tone and 
fling it at an eoemy or a prey but it is quite a step to p« that stoM on a 

sdck and use it as a dub. For one thing, it imptia a threwdoeai 
observatioa. We can tee that, in principle, the dub is the 
the foceann and the clenched fist. To out-reach bis enemy, primitive 

Man found that by dutching a bone or a branch of a tree be could hit it 


Oumpuisee trying to be a toohnakee 

out of range of &ngt or daws. The denched fist, the ‘packed punch’, was 
useful in dealing with his own kind: turn that clenched fist into stone; 
extend the forearm with a shaft; and you had a dub. The sharp-edged 
flint, or broken pebble with which he could cue open the drinf of the 
animals which provided his food became, for oflensive purposo, a 'fist" 
fiuig', a crude knife or dagger. This again, as the spear, at the end of a 
stick cotald give primitive Man an advantage over his enemies, 


The disttacdon between tool-using and cool-making is important. 
Chimpanzees ate the only apes leliahly repotted to make tools. A 
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will try to reach an object with a stick. It ksows it can 
f yynH iti arm in this way. If the stick is not long enough, a tame 
has been known to fit a piece of wood into a bamboo cane 
to get a further exteoaon. One might call this 'tool-making', but the 
term would be more appropriate if instead of the second piece of wood 
the insert^ a broken flint as a spearhead. In other words, 

tool-making really a combination of ideas. It is not only observa- 

□on - ^minting oc 'aping' something vdiich already exists; it is alao an 
of ideas and manipulative to transform these ideas into 
practice. Tool-making depends on the flexible digits. 

primitive Man was able to IdU his food-prey or a bestial enemy 
and he could strip offthe sldn, be fouisd that wrapping himself in such 
a skm would keep his body warm. But this led oo an even more important 
discovery - chat in these fun he had the meaiu of adapting himself to 
temperatures. He could dress himsdf not only according m the 
season but according to the heat or cold of the day. If be wanted to be 
warmer, he wr^ped himself in mote furs and, if he wanted to be cooler, 
he shed them. 

Hius be was oo longer hostage to dse tropkal heat of his origins, or 
limitftd by his na Vfd»>f«s He could move into the Temperate Zone or 
ultimately into the Proxen Zone, bdeed, as a spedes be was able to 
sttrvive the Ice Ages. 

This survival by Home sapiens and his immediate precunon 

depended oo something else as weO. Tool-making was one thing. Hre- 
was another. It is a characteristic of wild animals (as distmet 
from t^ doiaesticated cat purring on the hearth-rug) flut they fear fire. 
In the primitiTe world, fire could only be assodt ted with destrucrion - 
the lightning flash and the forest fire which it would start; or the scorch¬ 
ing destrucrion inflamed by the white beat of volcanic lava flow; or the 
mysterious fires sprouting fiom the ground which we now know as the 
ftamei of natural gas or oil seepage. Fire was frightening. The deep 
of all animals was to avoid it. Yet somehow, sorrsewbere, our 
priraitive aiscescort came to temu with it. 

Leaving aside dse Greek legends of Prometheus stealing the fire fiom 
the gods (a legend whkh in varied forms is refleeted in the mytholc^ea 
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Tuning of Sn u imigined by Vimiviui {tuH 


of many peoplo) the ntiooAl but tdll remorluble expUnatioa probably 
lie$ with lightning striking a tree. 'Remarkable' b^use the creature 
who was to become the hre-teoder mmt have had imaginadon which 
is something more than the instincts of the animah. Imagination exag¬ 
gerates the insdocts of (ear. No form of fire is more fe g h ri» n ing than the 
cosmic force ofligbtxung. Yet sometmc, somewhere, ohterved the chain 
reaction that Hghcning created fire and that a spark or a fire brand could 
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convex that fire. Here were observatioaand a ooorage wlucli truttccnded 
the bmts[ To take fire and tame it > to confioot nature in its most 
terniying form of lightning and to see its fire not as a threat but as a 
proouse - that was primitive Man’s first epic victory over nature. 

Rre-^ending must have come first - keeping alive a Same borrowed 
{torn nature. Fiifr>makmg - creating flame at wiO by flint sparks or 
wood fnction - came much later. What fire meant was that our primitive 
aaceston were now able to keep tbemselva warm and to toast their 
food. 

Animals have shelters, the nest, the lair or the den. Out ancestral 
creatures bad their caves. With fire, they were able to add to their 
shelter the amenity of controllable heat. 


7. t&IMOKY MAN 

With fixe, with weather-proof shelters and skim at his command, 
primsetve Man became free to spread into every climadc zone. 

One might say that the manumission whid set him fiec was written 
in bis own hand, for it was hts tool-nuking which nude it possible in 
the first instance. But that is only partly true. Combined with die sldll 
which lus hand acquired was lus power to see thit^ in relation to each 
other, CO classify t^m and to see ways of changing them. Nor would 
that have been enou^ He had to have some meam of pasting on, and 
sharing , inventive ideas, within his contemporary group and fiom • 
geoeratkin to generation. 

This is what we call ‘tradition’ as distinct from ‘insonct’, which is a 
buik-m memory to be passed on m the genes of any species. Traditioa 
is experiment which becomes experience and it has to be consciously 
pissed on in the same way as the craftsman ctainxng his apprentice. To 
observe, to note and to do something as an individual it not enough, but 
CO communicate observadons and skills to others to that they can add 
fiuthcr experiments to the sum of experience is to create a culture. 

Where ttadidon blimited, culture ceases to grow and will wither away. 

Or when tradidon becomes fossilised in convendons - 'What was good 
enou^ for my fiither a good enou^ for me’ > it becomes a re^ of 
interest only to archseolc^psts, a dead-end in hiuaan developmenL 
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Passing on informadon presumes some form of Ui^uage. The use of 
tools presupposes inteUigeoc behaviour. A tool-majier, it hat been said, 
is also a word-maker. The slow cultural evolution which u evident in 
the Lower Palaeolithic was alraott certainly related to the rudimentary 
fonn of their language. Hk hand-^xe peoples were still communicating 
hy gestuK and crude noises. Moreover, they were scattered spart^y and 
it needs a large group both to improve on skills by sharing experience 
and to create a language. Improvement also depends on an element of 
compeddoD; the individual may be satisfied with a crude 
but if his neighbour has a better one, more stylish or more efBcient, 
be will be encouraged to refine his own. Him is the beginning of 
Act. A flint hand-oxe may be either a tagged piece of stone - as crude 
as the broken bottle of the saloon fights today-or it can be as carefully 
worked as the Acheulian (before the Third ke Age) spedmen (bund at 
Wolvercote tn Oxfordshire, or equally skilful specimens in South 
Afiica, Kenya or Madras. Pride in workmanship is tMt the quality 
of the hermit but the shared appraisal of the group. 

Craftsmanship, therefore, was the product, as well as the ^rinmlnt, of 
the early social group. It also helped the process of soda! diflerendatton. 
The fleetest hunter, or the shrewdest speaiHhrower, nught not be the 
best flint'flakcr. So that even in the simple hunting group, an element of 
specialisadon developed. And certainly of standardisadoo. Toots 
became reoognisably funcdonal - the speat-hcad, triangular with 
sharpened edges, was classifiabiy different from the O^haped scrapers 
with which pelts were prepared. The Neanderthalets were already 
using flint spoke-shaves to sharpen wooden spears which they bardoKd 
by fire. They were no longer improvising; they were making tools of 
a starsdard type; they had a purpose (or a particular tool in their mitsds. 

8. NSW MAN 

About 30,000 years ago rajnd cultural advances, acederadng the pr^ 
cesses, of the previous millioa years began with the emergence of highly 
successful types o£Homo upient, notably the Cro-Magnons. They spread 
from South-west Asia during the second half of the last Ice Age, They 
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A3.C Woodes dabi fivco die Pedfic bfandi. D^. ftkimo boa* 
iQQw-knife. Kitio dub ifid bUibbet'hook. GJI. Iron knive* from the 
Conge 

replaced the Neanderthalen, who diaappcared - apparently suHciing 
the &te which has ovemkeo recent ahoiiginali in contact with European 
cukure: they were either killed off by superior weapotu or starved out 
of existence by competition. The New Men were not only much more 
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inventive than tbetc predecessors but devdoped acdstic skills which, to 
many rejects, cannot be excelled today. 

Almost certainly, this was the result of the growth of an ocal voca> 
bulary by which they could explain to each other and teach rhwr 
apprentices. They not only made tools but they tooUmaking 
tools. For example, flint chiseb were deviKd for working antler, 
ivory and wood. They began to apply mechanical methods to the move¬ 
ment of cools and weapons. Spears wem launched with throwers which 
on the lever principle incrcaied the propelling power of a man’s arm 
and the range from which he could strike at his prey. The bow was 
invented, probably in North A&ica. It not only was a means of pr^ 
pelling an arrow, but it also provided a tnedtod of twirlmg a stick and 
thus produced the rotary drill 

Rotary motion, of which the bow-^xiD b an example, was a point of 
departure in some ways more signiflcant than the taming of fire. 

Considec the ingenuity which was involved: previous advances had 
been the extensioa of the properties of the limbs; the club was a longer 
forearm and a heavier fisc. It was true that the ball-and>tcxkee of the 
human joints was a roary principle bat primitive Man could only 
observe it in die disarticulaced skeletons of hu kind. In chose bony relics, 
the principle could scarcely be self-evident There was nothing really 
rotary in the New Man’s experience; he had to discover it for Kinwif. 

A smooth, round sddc with a flint point can be set in morion by a 
different set of muscular movements. The srirring movement can 
enlarge a dibble hole in the ground but if otte wants to bore a bole in 
hard material, the hard-pointed stick has to be clamped vertically. Tbb 
can be done by rolling it between the palms of the hand- transforming a 
horizontal movement into a rotary one. The asscients dbeovered chat by 
a spinning friction they could drill a bole in the toughest bone or ivory. 
They also found dut fricrion produced heat and could thus provide a 
manageable source of fire - like modcra Boy Scouts nibbmg tricks 
togcC^. They then found dut by fixing the drill in a sleeve or socket, 
by holding it rigid m the hole and by twbring a sixsew or thong around 
it they could cause it to spin. Thu ted on to the bow-drill in which the 
ends of the cord or sinew were attached to the extremities of a bow and 
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kept m teouoo to dut the rotatkm could be maiauined by a tawing- 
movemest. Tite bow-dzill u ^ uted cfficiendy by the E tJd m oa today. 
The drill it held ia an ivotytodcet which the Eskimo grip* in hit power¬ 
ful jaws and be pushes it, as it must be pushed, into the nuterial to be 
worked by the powerful thrust of his neck; be then 'taws* with the 
bow. In various fbnus tbit type of drill hat existed in pre 4 ustory, also 
in historical times, and in present-day primitive societies. Geographically 
it is spread all over the world and tabes big questiocu about 'diffuaon' 
(the transfer of tluUs by migration) or whether in each area it was 
independently dboovered. 



Hrfr.drill tod two Bgyptun hietoglyphi repRsentiDg fix«-deilb 

From the rotary principle came the fue-drill; alto the rotary quem, 
which ground se«ls between revolving stosies; and the spindle by which 
fibres c^d be spun into threads. Related to thu was the potter's wheel 
and the wheel foe vriucles. 

The wheel was truly revolutionary - in both senses of the term. 
MechanicaUy it provided oontinuoas rotary motion and culturally it 
was so significant that some anthropologists and historians tend to judge 
the of a race or people by the existence among them of t^ 



THI TOOt-MAXtNG ANIMAL 


33 


wheel. The gibe agaimt the bUck A£ricaa ii that he has been peretmially 
backward because ‘he never developed the wheeled vehicle'. (With die 
evidence of the wheel in the Saharan rock-pictuccs, thb gibe becomes 
disputable.) Neithet did the Eskimo, the Mayans, the Incas or the 
Aztecs have wheeled vehicla, but no one would suggest that any of 
these were deficient in innate inteliigence. There is a mote obvious 
explanation for the lack of the wheel in certain geographic areas: 
tropical forests, with dos^set trees and undergrowth, would certainly 
discourage the use of a wheeled vehicle, just as they would defeat ajeep 
today; a sledge is obviously more effident in the snow-deserts and cara 
have positive disadvantages in mountainous country. 

9. MAN ON WHBBLS 

Nevertheless the wheeled vehi'le wu one of man’s greatest dis- 
ooveries. It is easy to sec how ptimii ive Man might have discovered bow 
to move heavy objects by rolling them along on tree-trunks and 
shuffling them from one set of trunks on to another, k was, however, a 
big step in imaginadon, and in technology', to advance fiom that to the 
fiittd axle-tree, the hub. and the disc wheel. 

Hie earliest evidence we have of the use of wheeled vehicles is the 
tablet-picture of a sledge on four solid wheds. This shows that it existed 
in lower Mesopoamia, at Erech, in Sumetia, about 3,300B.C. A thousand 



LimeWcoe rebef from Ur, before 3500 B.C 
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yean later, the of Ur woe being buried complete with thdr 
heanci. Seveca! royal tombs at Kish. Sun and Ur. dating becweco 3,000 
and 3,000 S.C.. contain the Teadges of such vehicles. The wood, bow^ 
ever, has virtually vanished and the vehicles are no more than moulds - 
t« qprift« in the soil (t is not convincingly apparent from these whether 
the a3do<ree and the wheels were all of a piece (like a dumb-bell) with 
the axle rotating in a fixed socket in the sledge (which was what the 
carriage basically was); or whether the axle was fixed and the disc- 
wheel rotated on a hub. Sumerian pictura usually show a circular hole 
in the wheel, suggesting a hub. and a peg through the axle, suggesting a 
linch-pb, KftUin g on the wheel. There is comprehensive evidence of 
wheeled vehicles before a,ooo B.& b Ch i n a, foe Sbd, foe Balkans, 
Sardinia, Spain, Scandinavia, and the British hies. Man, 00 wheels, was 
certainly getting around! Even before 3,000 B.C., be was already osmg 
foe w b^l as a military engine (wfai h, m ia origin, must have been as 
demoralisbg as the Pyrrhic elephanx or the First War tanks). Chariots 
were a decisive arm of Sumerian warfiue. 


la MAN AND HIS GtOOP 



The ea riies t and timplesc form of society was the hunting group. Onr 

early progenitor, naked to 
the elemena, fangless and 
ciawless and not as fleet as 
most of foe beasts that 
might prey upon him, 
would ^ ill as foe lone 
hunter. Only m combbar 
don with his follows, pool¬ 
ing their resources of 
ingenuity and prowess, 
could he really hope to 
survive. The group could 
be small but it had to be 
large enough to be viable. 
They had to follow fodr prey, to they tanged fiir afield and b the 


GsBoping lenaiker oagraved on of 
tdatt, ladte, ftaaoe 
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course of time spread aciou tbe land sut&ce. Tbejr could do this, as has 
alceady been pointed out, only when they were the masten of their 
petKHisJ eaviromnenc, when dsey could clothe themselves, or unc lo the 
themselves, to meet the dimacic vaiiatiom. 

By dbe time New Man appeared, Cro>Magnon and his like, he was 
no longer merely wrapping the sldns around himself but shaping 
and seaming them, stitdiiiig with awl and smew, into which 

could clothe his esidre body > costumes which were not usUike those of 
latter-day Esbmos. 

He had mastered fire - Ant, no doubt, as tbe common camp Ate of 
the group but, then, as the domatic hearth in his family cave. It gave 
him wannth at night usd a cooking Are. As an important Aictor in his 
cultural development, he discovered Are also as a source of iilniwmariftfi 
When he needed portable light, be could use a brand taken from the 
Are (the brand was also a weapon a^inu his enemies). He dtsoovered 
that certain woods burned wdl and not too quickly. He found that 
lumps of tree resin could provide a bright aisd lasdng He also 
discovered chat Asts could bom and provide him with his primitive 
candles. Oil, widi some sort of wick, could give b»m a continuing 
and saucer lamps were known to the Palaeolithic cave dweOen. 

lUominadoa becasne another factor in the mastery of his environ¬ 
ment. His movements were no longer limited by the sun-hours or by 
daylight. He could go underground, with minen’ to get the 
buried Aine stones for hu ccKtlt and weapons - and, inddentally. to 
discover chat Are could be used to rend rocks. When night put an cod 
to his hunting, he could extend his day in lighted leisure. TJfc/- the 
modem Eskimo carving his soapstone or ivory during the long Arctic 
night, he discovered interests which became arts. The cave drawings at 
Altamin, Spain, the work ofartiscsao,ooo yean ago. and the rock draw¬ 
ings throughout Europe and AAica, show chat Man, in those days u 
now, was ssot only a shrewd observer (down to anatomical detaiQ but 
had the irresistible urge to record his observations. 
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II. MAK TAMSS BIS FOOD 

Voy early in Min’s history, he diicoverei another means of reducing 
the cagendes of his environment. Unlike die beasts which most gorge 
themselves on food when it is available and starve when it is not, Man 
learned how to preserve food, by hanging it in the smoke of his cave; 
by drying it in the heat of the sun, by pickling it in brine; oc by rubbing 
it b coatse salt In colder climates he chscovered elemental refrigeration 
- storing food m the frozen ground or by covering it with stones which 
would not only keep it safe from foraging beasts but would keep it cold 
and delay putrefrerioo. None of these were bvendons. They were dis¬ 
coveries through observatioa of natural processes, which he turned to 
his own advantage. 

The primitive hunters began to domestkate animals as well as to 
pursue them. Almost certainly the first animal to be domesticated was 
the dog, which was to become Man’s partner m the hunt. What the 
jackal is CO the tiger, the wild dog was to Man. The jackal eats the 
remains of the tiget’s prey. The dog ate the ofial wh^ the human 
hunter left. The jackal, however, is an infrtior breed because he is almost 
tacapahle of hunting for lumself The wild dog. while be might be an 
occaskmal hangerocn, was also a natural hunter. Moreover he bunted 
b packs, with an acknowledged leader. 

Creacnres which follow a leader can be led; they will transfer their 
loyalty if the leader, m this case Man, is superior b strength and cunning. 
There is aho the instinct b humans which makes them pet creatures of 
which they are not afraid. The wild dogs that hung around the huntbg 
group, to tavenge or to rob, not only lost their fear-smell of Man but 
Man began to pet them, to throw them scraps of food, so that they 
would come back for more. A stray pup would become a natural play¬ 
thing. And gradually the wild dog, or certab varieties of it, would 
become dependent on the human group, with an allegiance to it, and 
would hunt vrith the group and become a valuable ally. 

Another factor b early domestication of animals was tbe use of the 
decoy. Decr-hunten, for example, would breed deer m captivity and 
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use the feoulc or the rutting stag to Attract the wild herds, to distract 
their attention or alUy their feats and allow the hunter to get within 
striking distance. Deer earned &r this kind of usefulness would naturally 
be tended and cared for by the grcnip and, sharing nomadic habits, would 
develop an aiSnity - like the resnd^ of the Old World Arctic. 



Hunting scenes from Abydos, Egypt (bdbte 3000 ax.) diowing lasso, 
throwing>ftiek. spear, bow and dub 


The strange thing is that the idndecs’s cousin, the caribou of the New 
World, although a gregarious, innocent creature, which in all the 
millennia has never learned in its migtadons to avoid the predadoos of 
Man, has never been domesticated by him. Although there it evidence 
in Eskimo ivory carvings of the use of deer-decoys, the American deer 
have never been herded. So much to, that when the Canadian Govern- 
inenc, anxious about the dcpledon of the wild herds of caribou and tbe 
consequent threat of starvadon to tbe hunting Eskimos, decided to do 
sometWg about it. diey had to import reindeer. In Alaska, this step 
had already been taken. Lapland deer were already being herded there 
and the Canadiaru, in 1929, made arrangements for the delivery of 
3,000 reindeer iiom Alaska to a range near tbe mouth of the Mackenzie. 

This was the beginning of an epic trek in contemporary history. The 
drive &om Alaska started in December 1929 under the direction of a 
veteran Lapp, assisted by other Lapps and several Eskimos. The herd- 
migradon was beset by ptivadosu and hazards during dse crossissg of 
the mountains of oorthem Alaska and the desolate coastal plain of the 
Mackenzie Delta. Some of the reindeer broke away and found their way 
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back to the range from whkh they had come. Many were killed by the 
blizzard* or marsacred by the wohre* which followed the trek. The 
lotte* were heavy but nature was penisceat and the births of fawn* each 
year made up the deficit. The rcindeet arrived in Canadian territory, 
three years after they had started, but it still took them another year and 
a half to reach the range ease of Mackenzie. To cover a distance of about 
500 miles had taken four arsd a half years! 

Decoy domesticatioa was pndsably the origin of tame cattle. It is 
known that cattle, such at aurochs and bison, were used as decoys by 
the hunters, but h u more likely that they wen in a similar category to 
the present-day ekpbanc, canght and tamed for a particular purpose but- 
twt really 'farmed*. Sheep and goats were among the creatures early 
domeiticated. Fowls, in the beginoing, were probably regarded more 
as pets -> gamo>cocfcs for fi^King, for example - rather chan as an 
ecosMouc propostioD. The horse, the ass, the camel, and the llama appear 
to have been relatively late-comcrs in the process of domestication* They 
belong to the bigger social groups which needed beasts of burden to 
carry themselves and their chattels, radser chan to the smaller hunting 
groups which needed domesticated animals as supplementary food. 

With the ptogtesrivc domesticaooa of animals, the way was prepared 
for the evolution from a hunting aociecy to a pastoral sodety, still 
nomadic but with the source of food under human direction aitd 
control Man was becoming a manager. 

13 . THI NIOLITBIC RBVOlUTION 

At one stage of the evolution of Man, his progenitors were vege¬ 
tarians and, at every stage, there has been an ambivalence - part herbi- 
VOK, part carnivore. The flesh-eating hunten had their salad days as 
well. Evas die Eskimo who, from necessity, ate mote animal and fish 
protein than probably any race on earth, bad his natural greengroceries 
- summer plants, which he ueated as delicacies. 

tn a cave on Mount Carmel in the Holy Land, Dc Dorothy Garrod 
unearthed flint sickles, set in carved bone handies - proof chat 8,000 
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yean ago, men harvested graitt On Mount Hermon to the north, 
Aaronsohn found die coane grasses, the seeds of which chose early men 
had recognised as food and which became the ancestors of wheat and 
barley. 

AU thoK thousands of yean ago, long before Abraham left Cha l dr w 
Ur CO become the Hebrew patrbrch, iftdiet of a justoral people, rhosf 
ancestral men had realised the virtues of grain. They ni b b lrd the sfH 
in the can and found them good. They discovered chat ftomdiose seeds 
more grasses with more seeds grew; thatif they scratched the ground, 
the seeds grew better and that if they chose wcU-watered soil, as in the 
river valleys, the grains grew still more plesidfoUy. 

That, not the domesdeadon of animals for pastoral herding, wu the 
beginning of what we like to call 'civilindon' but which re^y meau 
the growth of dcy-cultures. 

When men began to till the ground, they became sectlen. Thdf 
priinidve homesteads grew into villages; villages into towns; towns into 
ddes; cides into empires. They found that they could grow crops, 
sufficient not only for themselves and their families but for otben - the 
potters, the weavers, the metai-smidu, the priests and the doctors. With 
surpluses they could exchange food and goods with odier sectlecnencs. 
Trade began, but barter was cumbrous so they invented tokens. Money 
was exchanged for goods. 

Culdvation means the deliberate sowing or planting on a prescribed 
area to produce a predictable oop. Hiis was incoRScstent with a nomadic 
lifo, alt^ugh it can be safely assumed that the banters and the herders 
bad some knowledge of potential crop-growing. Nuts, seeds and the 
pips of fruits brou^ in by the ftutt-^theren of a wandering tribe must 
have germinated near the camp-sites. Similarly, the root-plants which 
they ate must have been observed to sprout. The observadon must have 
been there for countless thousands of years, but socne group - like the 
sickle-users of Mount Carind - must have bad the initiative to abandon 
a way oflife. Hiey must have abjured the chase and the herd-waoderings 
over the steppes to await the seasonal recurrence of die oops they planted. 
This has hew called the 'NeoKchic Revolution*. And a revolution it 
certainly was. 
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IJ. TH* AltHGOIlY OP CAIN AMD ABBt 

The BiWiai story of Cain and Abel can be read as the powerful 
alkgory of thBteTOlxi*ionL.Abcl was die shepherd. He drove his flodcs 
*nd herds over the wide pastures of the Middle East. Cain was the New 
Man, die cultivator who applied knowledge to the problans ofliveli- 

hoCKt The herdsman wuld get ctwugb forage for his animals during the 

Tm-TT i* of the rains which brought up the herbage of desert and steppe. 

but in the dry season die custom of necessity had made him retreat to die 

riv«c 4 ands. Then came die rime when Cain, the setder. had occupied 
those rivet-lands and was culrivaring his plants, domesticating his 
animab and nurturing his soil He displaced Abel; he 'killed’ die nomad. 

(ITk story was reptoted in the United States in the last century, when 

ai ^ ni of rime were telescoped into decades. The Indian hunters were 
replaced by the cattlemen; the cattlemen by die sheep-latmcrs: and the 

herdsmen by the homesteaders. Each resisted the other.) 

The fin* culrivatoti were by no means restricted to cereals. Thcit 
fooitgatheriiig predecessors had known the value of green vcgctablm - 
cabbage, lettuce, spinach, nettles, aess and peas. They knew roots, like 
carrots, onioiis and radishes; and fruits and nuts and od seeds. Partku- 
btly they valued the pulses, the seeds of leguminous plants, such as wild 
peas, leorils and vetches. 

At Merimde. the early settlement in the NUe Delta, peas have been 
discovered dating back to 4.400 B.C. They were also found, with the 

lentil, in the ruins of Troy and those of Minoan Crete. The black ksirils 

are indigenous in south-east RussU asid in countries of the Far East. In 

the Orient, the hi^ protein content of pulses made them a valued source 

of fixid of the early peoples, as soya is today in China and Japan and 
graminhidia. 


14. BBOM BOOD-CATH8B1NC TO BOOD-CBOWBB 

Grams, however, were the crops which determined the character of 
the Neolithic Revolutioii. 

At Jarmo, in the foothills of nocdi-eastem Iraq, there is what u 
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believed to be die eatliesc agticulnml tetdexneat yet discovered. It has 
been possible to date, with some scientific accuracy, the remains of this 
Neolithic deposit. This has been done by the ndiocarhon method. 
(Carbon which emits rays is present in natural carbon and can be 
detected and measured by laboratory techniques. This carbon, C**, has 
a hal&life of 5,360 years, diat is to say, half the ray^mitting atoms which 
would be presesu in any quaiuity of carbon will have 'expired' in that 
period and, at any time, die proportion present will he a measure of the 
age of any sample.) This dating puts the age of Jaimo at about 
5,000 B.C. 

(Q WJuat taid Barley 

Culdvated emmer wheat has been fiiond at Jarmo in association with 
two>row barley (with six grains of two opposed spikelets) with einkent 
wheat present as a weed. 

Emmer b what botanbes call 'tetrapioid'. Thu means that it consists of 
foot sets of seven chromosomes (the packages of genes whidi carry the 
hereditary traits from one generation to the next) and these, in die 
reproduction ccUs of the plants, divide into two equal scries of fourteen 
chromosomes. Binkorn b a 'diploid', chat b, with two sets of seven 
chromosomes. A thud dynasty of wheat u the bread-wheat group, which 
b 'hexaploid*, diat is, with six sets of seven chromosomes which bi the 
reproductive cdls divide into two equal groups of twenty-one chromo¬ 
somes. 

Prom archaeological evidence it would seem that die first wheat taken 
into cultivation was emmer. Wild emmer occurs in Palestine, Jordan. 
Syria, Mesopotamia, Armenia and Persia. Wild einkam occurs in the 
Balkans and western Asia Minor, and on dw shores of the Caspian and 
throughout Mesopotamia and west Persia. No wild bread-wheat has been 
found so chat b can only be assumed that it b a natural hybrid - between 
emmer and einkom. 

Barley in the wild state has been traced to Palesdne, Arabia, Asb 
Minor, Transcaucasia, Persia, Afghanistan and Tibet. 

Grain-husbandry, both of wheat and barley, spread up the Danube 
into central and western Europe. From Troy, north-westwards, eiakam 
was more successful and persucent than mmer, a plant of hotter environ¬ 
ment, although the latter became adapted to colder condidons and, 
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prcsmnpQTely. played the Etc to etitkam’s Adam in the devdopmcot of 
Entope’s bnaJ-wheat. 

0 i) Rye <md Oats 

Rye and oats began dieir caiceo as the weeds of the wheat and barley 
Experimeno in Brandenburg have proved that, if an equal 
number of wheat and rye seeds are planted cogethcr. the crop changes to 
pure rye widiin three years; and have shown that where dimatic con- 
difficuh for wheat, foe rye takes over - a diqtetuadon of 
natnre which made it possilde for cereal culimtkn in the cold Baltic 
re^n. Oats had a similar history - a foisighcedness of nature to provide 
foe northerly Scots with thor porrii^et 
(uQ fitre 

For two-foirds of foe world's population today, foe staple grain is 
rice. The nearest wild plant to activated rice is Oryza/atua, which is 
found wild throughoot soufo*eastem Asia as for sooth as Java. About a 
diHerent species of Oryza are found in Asia, A&ica and South 
America, k is possiUe, however, that one of these wild species are de¬ 
generates from cnhivaced rice which at some time or other bad been 
imported into various regionL 

Even today we can leant &om foe peasants in south-east Asia how our 
early anecston obt»ocd this rice for cultivation: foey tie the awns or 
beards together before maturity so chat they do not scatter and can be 
saved as seed. 

Rice was not foe crop of foe Egypdans or Chaldeans in very andent 
l( k, therefore, improbable foat its culture oii^nated in Africa 
and followed an eastern roum into Asia. Anofoer fret which reinforoes 


foe foeory of the Asian origin of rice is that, in the most andent languages 
of the Ckient, agriculture and rice are synonymous. Alfoough in foe 
recorded history of China there are teforcoces to rice, ia pre- 
histoty more probably belongs to foe area of sooth-east Asia, whence it 
mutt have spread northwards into China and into kidia and been 
carried westwards by foe Aryan dispertaL It was introduced into Indo 
nesa by foe Malays in their migtacioa there about 1,500 B.C. 

It was a dry-land crop in io frtst forms of cultivatioa. The wet paddy 
were a much later development. The first authentic record of 
irrigaDOO £bc rice culcivadon is to be found in the Book ofPvetry, supposed 
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CO have been written during die Chou Dynaacy in the eighth century 
8 .C. There are re&rencei in other old writings to ‘land cUled with fire 
and hoed with water' which refers to the burning off of the trees and 
undergrowth, du flooding of the land and the puddling of the soil The 
pracrice, however, is probably older chan dus recorded history because 
the wonderful system of terraces on the mountain>tides of the Philip- 
ptnes was constructed by setders from Sooth China about a,ooo B.C, 
and they presumably brought their practice from long past experietKe. 
(iv) Maize 

Although the plants of die American continents were uldnutcly to 
double dw food supply of the older continents, no plant cultivaced by 
the American Indians was known to Asia, Burope or A&ica prior to the 
White settlement of America. 

In die absence of any archaeological evidence to oon trad kr it, the 
presumption is that Homo sapiens reached the New World somewhere 
between ten and twenty thousand yean ago. While the campus of the 
Univenity of Alaska was being excavated, tools were found similar to 
those known to exist in NeoUcfaic times in die Gobi Desert. Stone 
implements occur in association with the remains of exema bison at 
sices in Colorado and New Mexico and on the southern dp of the 
Argentme coob have been found, used by men who hunted a^ ate an 
exdnct type of American horse. 

Along the shores of dtie^op lakes in California and Texas, mortals 
and grinding scones have been found which show that the early American 
crushed nuts and seeds into flour. These desert cultures arc very important 
because they show a way of lifo which leads eventually to the growth of 
agriculture. Hunting, fishing and food-gathering seem always to have 
been combined. No hunting group in the Americas appears to be 
entirely carnivorous. Each toedt advantage of the vegetable products, of 
whicb, in North America, four hundred species are known to have 
been used. 

In early Brazil the staple diet was cassava, aliai manioc, alias tapioca. 
The use of this as a source of food shows a surprising de g ree of expert 
inteliigcoce. The starch, which is the food, comes from the soft root of 
the plant. This has to be stripped of its rind and grated down to a pulp 
which has to be presred to remove the poisonous juice. The flour thus 
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left was formed into cikes and baked. 

The ofPcni yielded the white potato, which, at a later itage, 

was to be soch an enormous foctor in the food economy of the Old 
WotlA But in America, as in Asia and in Europe, foe development of 
culture was the ultimate basis of agriculture and set t lement. 

Maize, or com. is one of the most remarkable of all cultivated plants. 
It is one of the doxen ot so crops which stand between mankind and 
stamtion. 

To the sdentisti, it still has the quality of a mystery - literally of a 
•whodunit’ - because, as it casts to^y, it must be the result of human 
interventioa. It b unique amongst cereal grasses. ^ 

The tetmissal infloracence, commonly called the tassel .usually bears 
only male flowers, each of which contains three pollen sacks packed 
tightly wifo ».500 poUen grains. They arc light in weight and are easily 
carried by the wind. The inflorescences on the side, which become foe 
cobs of com, have only fesnalc flowers. These have poUen- 
recepdve organs, called 'silks’, coveted with fine hairs to capture the 
win««down pollen. Maim, therefore, unlike other cereals, is a natutaUy 
ooss-poUinated plant. That U why it has been possible to produce 
hybrid com, one of the moat spectacular applications of applied biology 
in modem history. 

Cultivated com. however, has no mechanism for the <%ersai of its 
seeds because, unlike other grains, which arc individually ptoccctcd by 

chaff, the com coh b entirdy encased in a husk. Thu B very CMvenient 

for Knm^n requiremcats but it tendets it incapable of csdsting in nawre. 
Com could not survive without man’s protection. How, then, did it 
grow before man came along to help it? 

Pcoftssor Paul C. Mangdsdorf, in a paper presented to die Aiwican 
Philosophical Society in PlnJadclphia m 1958. o&red a foscinatfog re- 
cosutruedon of corn’s past: 

Prom two hundred feet bdow the present site of Mexico Oty, fosaU 
evidence, a number of poUen grains, was extracted during a 

ariHing. The pollen was identified as that of com, and. although it was 
at least 80,000 years old, it was scarcely disunguisliable in any of its 
characteristics from those of modem com. 
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The scene shifts to a rock shelter, in New Mexico, known u dte Btt 
Cave, wl^ was excavated by Herbert Dick of Colorado Utuversiiy 
Museum in i<>48 and 1950. For several thousands of yean the cave had 
been inhabited by people who practised a pdmidve ibrm of agriculture. 
Their garbage and other dfbds bad accumulated in the cave to a depth 
of six fbcc. At the bottom of this accumulation Dick turned up some any 
cobs about the size of a one cent piece. Those were dated, by radiocarbon 
tests (see p. 41) at about j,600 yean. 

There were no living seeds, however, so it was impoasible to reproduce 
ftom them. They bad therefore to work from the evidence they bad and 
they found that the tiny kernels of the cob must be chose of ‘popcorn’, 
in which die kernels are small and hard and, as every knows, 
capable of exploding when heated. But it was also found that the Bat 
Cave maize was also a form of‘pod com’, in the sense chat the individnal 
kernds were enclosed in pods or ebaff, instead of the all-eaclosing husk. 

‘Pod com’exists today as a freak. In some parts ofSouchAme^itts 
preserved by the Indians, who believe chat it has magical properties. 
Odierwise it is regarded as a tnonstrocity and had been dismissed by a 
number of botanists from any idle in the ancestry of com. Professor 
Mangelsdorf, however, bdieves that it is monstrous today only because 
it is a ‘wild’ character superimposed on modem highly domesticated 
varieties. 

*Today’s pod com,’ he said, ‘u comparable to a 1900 chassis powered 
by the engine of a 195S car.’ He crossed modem popcorn with pod 
com. 

By reconstructing the eom genetically, the experimaital botanists 
have been able to give a satis£tccory account of bow the modern com 
evolved. A simple mutatioa prodtKed die lowering of the posictoo of 
the ear. This separated the sexes and made for a larger grain-bearing ear 
com|detdy protected by the husks, but no longer capable of dispersing 
its seeds. In the course of history, man had deliberately selected the ean 
most suitable for his uses and in doing so bad produced a plant dependent 
upon him and more useful to him. 

(v) Stnutural Ptanis 

Away back in the Dawn Age. our primitive ancestors discovered that 
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Dees and planD could yield him materials, other than food, which he 
could put CO his uses. Since forest management and the plaotmg of trees 
are a ^elopment of comparadvely recent tunes (and tragically ignored 
oc n^lected even now) this discovery had many disastrous cons^ 
qisenccs. Man remrined a gathero of trees assd not a tree husbandman. 
As a result, whole vast areas have been deprived of their trees and 
turned to deserts. Entire civilisations have been destroyed by soil 
erosion. 

Another of the ’mdnstrial’ uses of trees was for water Dansport, first 
as wooden rafts and dug-out canog, and later as pknk boats. 

Among the constrocdossal materials coUccted since earliest times are 
the reeds. They were used for huB and shelten in Egypt StOOO ycAts ago. 

One of the devdopromD was the maldng of baskets. Abom 

10,000 yean ago, just after the Ice Age, our Mesolithic anceston were 
alcmdy maVtng nets by mteslacing threads out of strands of tree-bark. 
Thne were for fishing bur there »i» doubt that the neu were alao used 
for carrying - like die string bogs of today. This was die origin of baskets 
which wcK just a tighter woven net. Baskets are vessels made by inter- 
two or more strands in different ways. This is akin to primitive 
weaving in which one set of threads, the warp, u SDetched on a frame, 
while anodier act, die weft or woof is passed duough at ri^t angles. 
It was only when looms were introduced much later that the crafts of 
basket-making and weaving drew apart. 

Leava of cultivated palms, dates (which had to be developed by 
husbandry the fiemale flowen have to be fertilised), coconut and 

die wine-palm were used for roofing, walling and mat-making in the 
warmer countries. 

(v^ Fiircr 

flax was cultivated at least 5,000 years ago, as a fibre to be spun or 
woven. Before that there is evidence that it was grown for ia oil- 
bfafing seed. Hemp was the first fibre plant of the Chinese, and hemp 
and £iMcs were known in Egypt in pro-dynastic times. Ia use as a fibre 
can never be eocirdy dissociated from ia early production to extract a 
seaedon which has narcotic properties. This, it has been suggested, 
expkins why, in Europe and the Mediterranean world, hemp never 
re^ became esublisbed - because ia narcodc properties were lea 
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appreciated among people to whom beer and wine were early availaUe. 

The early history of cotton u perplexing, parrfy because of the 
presence of cotton species of apparendy Old World origin in prehistoric 
America. 7.500 years ago cotton existed in the Indus Valley. The Baby¬ 
lonian and Greek names for cotton would appear to confirin this 
origin. The curious thing, however, b that the wild varieties of the 
axsdent Indus Valley cotton found archaeoiogically at Mobenjo-Daro 
(a.5<»-*.50o *-C.) have never been found among the Indian spedes. 
They have all the duracteristics of modem Indian cotton, snggesttng 
long cultivation, hot they are identified with a group of plams 
to Africa and Arabia (see p. 113). 

The development of fibres into threads and thence into weaving 
represents a very important advance in the skiUs of Hom« sapiens. 
The hunters, like the Cro-Magnons (or the Eskimos ssmI Lapps of near* 
contemporary tunes) knew die use of threads. They used the sioews of 
the animals. They pierced the skins bom which they nude dseir 
with awls and laced them together. It was a big step, and in • loog 
one. between that and the cwisdi^ of fdant fibres or wool mto threads 
and the evolucioo of weaving, which, apart from lu^ ^eed mechanisa- 
Don, has not changed to diu day. That meant the complete departure 
from the traditional hunting and the development of consisteot 
with an agricultural economy and with setdeineDt 

15. TBB EITCBBN 

To the kitebem of the ancients, ptesent*day technology should 
acknowledge a great debt. The kttebm was die laboratory and work¬ 
shop to wluch we owe fumaca and ovens, pesdea and mortars, rotary 
grinding and crushing, methods of food preservation and pressing seeds 
and fouit, and the ose of alcoholic fermesuarion. 

Up to Neolithic times - say, ao.ooo yean ago - cooking was laigely 
a matter of steeping food materials in water and duowii^ in hot stones. 
In the Neoltdiic stage, with the culrivarion of cereals, cooking devdoped 
a new importance. Cereals were dried for storage and grinding. 
of immgrring stoocs, containers were heated by direct contact whh 
file. Porridge was made by heating cereals in boiling water and, later. 
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biscuits and flat unleavened calces were pt^tarcd. The first alcoholic 
drinks date from diis cultural stage. Pood was preserved by pickling, 
pw oUng and salting, aisd fats were prepared as butter and cheese. 

Vegetable oib fiom the olive and from kernels were another remarkable 
developmeat. With the coming of basket-making, sieves were d> 
vcloped particularly to get better-quality flour. The early Mesopo* 
nenian terms for sieves clearly re&t to their manu&ccure firom reeds and 
rushes. 


td. BABO LIQBOK 


One of the caiikst discoveriet - an interesting piece of scientiiic 
observadon - was the recognition chat 'leavciu*, which were probably 
not recognised as organisms, when added to dou^ produced lermenta- 
laon and a palatable change in texture. 

The only fermentation process which may go back beyond Neolitbsc 
fjmit , uid which may be even older than agricolture, was the turning 
of honey into nectar. Rock paintings, found in southern Spain, show 
booey-coUecting in an early Stone Age huntmg comnuinity. When 
farming began, one of the associated industries wsu be^ceping. 

At t^ very dawn of history, the ancient Egyptians knew chat the first 
alcoho lic (ennexttatioa was followed by a second fermentation forming 
mainly acetic acid. They knew the process by which a con^nial beer 
could be turned tour and they prevented the second fermentation by 
stoppering cheii beer jars so as to exclude the acetic organisms. As early 
as 2,000 B.C. date wiise was the tip^ of the Egyptians and Babylonians. 
Honey was ofien added to the date juice and die alcohol content was 
high. 

In early Sumerian times beet was produced by the fermentation of 
barley and odier cereals. 5,000 years ago 40 per ceni of the cereal pro¬ 
duction of Mesopotamia was used for brewing. Wine was also known 
over 5,000 years ago, and vineyards were a fiacure of early agriculture. 

17. SBBLTM 

Setclement implies housing. Early Man was a cave dweller; hu refi^ 
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was a lair or deo like tbote of the beasts. But it it always a migaWy to 
assume that cave dwelling is the sign of the absotiue primitive. In hot 
countries, and particularly in deserts, there » a great d^ to be said for 
living in caves - notably {ut-dwellings, which can be compared to 
inverted tenements whh the apartments arrat^ ;ed round a natural weU. 
And in the New Testament, as in the Old, there is plenty of evidence of 
civilised living in caves, like those that recently ^ded the Dead Sea 
scrolls. 

As a cooditioo of Mao acquiring mastery of his envirocunent. how* 
ever, he had to have his shelter not only where be could find it but 
where he wanted it. In the days of die manunoths, skeletons 
covered with skins gave our predecessors dx equivalent of a tent or an 
army hut Later they built huts of saplings and or raostructed rb«^ 

of turf or of wattle. 

When the hundng group became the settled tribe, then they needed 
something more. For one thing, apart fiom shelter, they SMeded 
deCmoes, not only against die marauding beasts, but against the nomadic 
people fcscntfiil of the tiller and envious of his stored supplies. For safety 
they tni^t build their vill^es oo piles in the lake or bog or surrounded 
by an excavated moat or by a palisade. Like the Red or like the 

Dyaks of Borneo at the present time, whole groups, even an entire 
vill^, would be content to live under one toed'in a longhouse. 

The settled fiuni eis , aU those thousands of yean ago, had diderentaated 
from die nomads, and had become their rivals. Not only had they 
setded on the arable land which had once been tbe dry'seasoo, riverside 
pastures of the pastoral peoples, but they were more efiixtive animal* 
busbandmoi. They could grow forage crops and fwd dieir flocks and 
herds when die range lands, the steppe country, could not support them. 

Moreover, by systematic cultivation, they could prodoce surpluses 
and, beyond that own subsistence, sustain 'spedalists* - die craftsmen; 
the priests, and the administrators. 

City civilisations, at such a point of time (diflering in geographical 
areas) were about to emerge. 
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IS. POOTNOTB SOB WOMIH 

When one comes to chiakoftE.}e is pretty obvious cliat Wonuo, not 
Man, was the innovator who laid the foundations of out dvilisadon. 
While the men went hunting, the woman wu the guardian of die flee 
and, pretty certainly, the first maker of pottery. It was she who went 
pickbg the wild berries and nuts and see^ and who went poking with 
stieks to unearth the edible looo. la the mother-to^ughter traction, 
the knowledge of f^is bom of long observation led die women to 
experiment in culdvadon. Biologically, woman was more observant 
than man because the recurring phases of the moon coincided with the 
rhythm of her fixtile life and she could observe the period of gestation, 
not only in herself but in the animals and in the seasonal reappearaxKe of 
the plants. So she had a sense of Iiate, and the measurenienc of Time 
vns one of dte earliest manifestattons of constructive atid systematic 
thinking. 

The andeoes were less reluctant than meiifbU: are today to acknow^ 
ledge the rdle of women as the origbaton. lnJiideo<!hristian tradition. 
Eve is reproached for eating the fiuit of the Ttce of Knowledge which 
led to the expnlsioa fiom ParadiK. Greek and Roman mydiology were 
more generous in their acknowledgement of Athene Minerva as the 
Goddess of Wisdom and patroness of the arts and crafts. In the sodetks 
which emerged in primitive times, women held a dominant position. 
There is evidence of the existence of matriarchies in which the woman 
directed the afiairs of the tribe, acted as priestesses, and transmitted the 
succession throt^h the female line. 
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The Watershed 

.. Mouatamt aucrpoe'd 
Make enenuei of oatku, who had dse; 
Like kaadred dtopi, beta i&i&^ed kuo otie.* 
The Tedt by wilLUM COWBU 


I. TBB BLACK POTTBRS 

One of the mote interesting places in the world for die stody of the 
elements of emerging sodety is the Persian plateau. The choke of chat 
location also has die advantage that it evades the cooflicting of 
cadi of various areas to have been the 'cradle ofdvUisadoa'-the Nile 
Valley, the Tigru>Euphiates Valley, the Indus Valley, or Turkestan. 

At a time when the greater part of Europe was covered by gladers, 
the Persian plateau was already passbg through the pluvial period, 
when the region was a great inland sea into which many rivets ran. 
Fossil fish and dulls which have been found in the high valleys show 
how deep and vast this sea was. Then, between 15.000 and 10,000 B,c. 
there was a gradual diange in dimate leading CO du dry period in which 
the plateau b^an to dry out until, prograsivcly, it became a great salt 
desert. 

At the tune when the droughts began, prehistoric Man was already 
living on du plateau, often in the caves or rock shelters which had been 
the unde^round channels of ancient riven or in ptB dug into the 
mountain-sides and roofed with branches. Even at (his cave-dwelling 
stage pottery was in use. It was poorly baked and deep blade in colour 
beause of ^e smoke in the firing. 

As the great central lake shrank, its shores where the riven left a 
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{crtile deposit of silt became rich savannah pastures. The animals 
descended to these oewly>fonned grasslands and the hunters followed 
them and settled on the plain. From this petiod. about 5,000 b.&, the 
record of material dvilisacioo can be traced. 

The oldest temaixu of human settlement in Persia have been uiv> 
earthed at Siyalk, near Kashan between Teheran and Isfahan. At the 
bottom of die diggings there is evideitce of agricultural activities, in- 
dudiog stock-breeding. The remains of domesticated oxen and sheep 
have been found. There, too, is the black, smoked pottery, derived £ram 
the earher cave-dwellers, but mixed widi red pottery, already revealing 
primitive craftsmanship in which dse designs, tncludmg eolouts, were 
baked into the ware. Although, of course, the remains of perishable 
materials like reeds have disappeared, the designs on the pottery show 
the unquestionable evidence of basket work. Clay spindles also pve 
ptooft that the rudiments of a textile industry was already there. Both 
men and women wore ocnatneots > necklaces of shells, carved tings and 
bracelets - and they used cosmetics. They probably practised tattooing 
and ftoe painting. They had begun to belief in a Hereafter. Their dead 
were buried under the doors of dse houses, with cheic weapons, and 
remained a pan of the ftmily. 

There is evidence even at this period - 7,000 years ago - that tnde had 
already started. The setded economy was produemg surpluses. The 
settlen were nuking metal implements, but by hammering, not by 
siMk ing, copper; they were ftrming crops and they were stock-brecd- 
ing; they had commodities to exchange. That dtey did so is apparent 
in the shdls worn by die people of Siyalk which belonged to qiecies to 
be found only on the Persian Gulf, 600 miles away. 

About 4,000 8.C., on cop ofthe accumuladoos of die fttst settlements 
of plateau men, more elaborate bouses began to appear. They were 
la^er and built oat of brick. Those bricks were josc mud, shaped 
between the palms of the band like cakes, with thumb-holes to provide 
the mortar joints. The builders even went in for interior decoratioa. 
The walls of die rooms were painted red, widt a mixture of iron-oxide 
and a fruit juice. The pottery was becoming more refined. They sdU 
did not have the potter's wheel but they had the (owmetfe, a dab of wood 
tutned on the floor by an assistant. The pots were better fired and showed 
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pictures of aainub in full movement, and most tealisdc, ex-mned m 
blade paint on a dark red ground. Nowduxe else in the world has «■'<•!» 
pottery been discovered corresponding to the «am<> period of h tne. This 
suggests very strongly that du Persian plateau may have the 
original home of pai n t e d pottery. Even mote significant is the &a 
contemporary with a realism of design by vdiidh it is possible to idoitify 
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a horse in the process of evoludoo bet w een die onager and the modem 
horse, these potters were already indulging in hi^dy stylised absmet 
designs. In the first stage of scylisadoo, the horns of the ibex became 
exaggerated in propoction to the body and finally faidM-d up as a motif 
without any body. The plastic artitt, the potter, was beginning to 
produce the elements of pictographic writii^. 

The metal industry was derdoping, but now with the copper smelted 
and cast. Jewellery was becoming more varied. In addiooA to fbreiga 
sheQs, there were appearing lapis lazuli brought fiom the Pamin and 
jade &om China fiu beyond. 

Consistent with this import-ezpott commerce are die seals which 
were found at StyaOc. To mark die ownership of merchandise, the seal 
was brought into use. It was a conical stone button into which a geo- 
metrical design was cut. This was impressed upon the lump of day 
which stopped the mouths of jars, which were the packing cases of the 
time. The geometric paccems gradually gave way to representatioos of 
human be ings plants atid symbok which had the pdct^raphic signifi> 
cance of pictures. 
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3 . OASES CITIES 

Tliis sodal devdopotcot, 6^000 yean ago. in Persia, was still 00 a 
small and localised because the oases wen dispersed over difficult 
country and, tbereTore. the great dty-commanicy life which was 
developiag in the rich plains ^ adjoinmg Mesopotamia was retarded 
on the plateau. 

The ^i gpn g* at SiyaDc show a diick layer of ash. evidence that the 
was destroyed by fire about 5.000 yean ago. The rains served 
as a feundadon for a new sectletnent in which the painted pottery had 
disappeared and plain red or grey pottery had taken its place. The stamp 
seal had disappeared and had been succeeded by the cylinder seal On 
dus the symb^ were carved on a toiler - a certain sign of the intro* 
d^i rpo" of writing on clay cablets. The subsequent setdements showed 
a dvibsadon whi^ was superior, richer and more advanced but with 
all the signs of having been imposed by conquest. The influences were 
unmistakably Mesopotamian, of a kind which had already been develop* 
ing at Susa, where Persian culture impinged on chat of the Mesopo- 
Tamtin pUtns. At Susa there had already the beginnings of a script 
and the dm hurgeonings of that culture which was to become dytusde 
P-lam. 


3. THE INDO-BOEOFEANS 

During the second millgnnium B.C., the Persian plateau, that water* 
shed between the Occident and the Orient, witnessed a series of 
migrations of great moment in the htsmry of mankmd. 

From somewhere in the region of the Caucasus there was an out- 
surge of peo^ who have ccune to be called ‘IndcHEuropeaiu’. One 
wave swept westwards around the Black Sea, into the Balkans, through 
Thtace aisd back acrossthcBosphorusinto Asia Minor. A second wave 
moved eastwards around die Caspian and aablished suzerainty over 
nottbem Mesopoumia and the valleys of the Zagrod Mountains. 

Another branch of those warrior horsemen moved eastwards, crossed 
the Oxus and die Bactrian PUin. scaled die passes of the Hindu Kush, 


TRB WATI&SR8D 


Si 

crossed the Khyber Pass and entered India. Perhaps there was a te^gc 
of this eastern migration into Persia abo« the middle of the 
miUennium, but it would seem more likdy that there was a sf ron d 
massive migration of dte Indo-Europeans about i,ioo B,c., which 
established die Iranians on the plateau. 

Persia is not watered by great rivets Hite the Nile, the Tigris and dse 
Euphrates which by their yearly Hoods bring fertility to a country. It 
'exports’ nearly three^uartea ^its total rainHdl in the form of livcD 

which flow out of Persia into odier countries. The only substantial river 

which flows into the country b the Helmand which has its source in 
Afghanistan. 

By an irony of nature, the modem wealth of Persia, io oil, was a 
conditioa of its ancient poverty. In Palaeozoic rim^ ]oo,ooo^ooo 
years ago) seas which t^ coveted the Middle East tcem^ widi the 
organic Ufe which became die oil deposits of Persia, the Gulf and 
Arabia. Then, in the convulsions of tune, a deposit ofday was laid over 
the region and acted as the lid which pr e v ented the evaporation of oil 
which happened elsewhere. Then came the upheaval which, at the end 
of the Pliocene Age < 5 oo,ooo yean ago, wrinkled the earth’s crust and 
formed the mountains and the plateau. Those, as has been mentionfd, 
were largdysubme^ed under a second sea in die Pluvial Period. When 
that sea ’dried out’ it left its salts to poison most of the central plateau. 
Because of the day under 4 ay, sudi tain as fdl and such streams as flowed 
into dus desert could not seep down to form underground ^tings, bat 
merely evaporated and left their own deposus of sdt - that salt which 
one sees glistening like die crystab of an Arctic snowfleld. But dm day 
and salt kept die oil Horn evaporating. 

The result was country where rural communities were scattered 
mainly around the alluvial rim of the desert. The people were thus 
separated and diepopuladonwasfulessdcsuetbanin Egypt or Mesopo* 
tamia. Thb u the leason why Iran contained, and still so many 

nomadic, and sedentary tribes tdiidi preserve their particularism, their 
own dialects, manners and customs. 
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4. TBl riKST BUPIBES 

The first political orgaaisadoo of any coherence on the plateau was 
that of the Medes who. with the Penians. had derived from those Indo- 

Europeans speakbg the Aryan language whkh in India was to becoinc 

7SO E.C. these emerged (according to Hcrodotas) a Mcde 

nimed Dcioces. . , 

‘As the Medes at *at rime dwelt in scattered viUages without my 

central aathoriry and Uwlesmess in consequence prev^ throu^vu 
the land, Deioces, who was already a man of mark in his own village, 
applied himself with real and eamestness to the practiec of justice among 
his laiowi,’ wrote Herodotus. 

He became king and his succcssots. though temporarily overcome by 
thf forged a unity which was to overthrow the Assyrians, and 

nuke Lm masters of the entite Middle EasL Under Cy^ 

the Medes and Petriam we« to extend an empire which was a symhem 

of the andent civilisations including Mesopotamia, S^^gypt. A^ 
Minor the Greek cities and islamh, and part of India. This was the 

empire which, in turn, Alexander the Great was to conquer. 

might remember, was probably the wisest ofaUemperi^ He rcspec^ 

the values of eivilisarions finer than his own and left them, m tbt 
United Nations of a.(Soo yean ago. to develop their own vrays of life 
and to follow thdr own religious beiiefi. 

The Persians called him ‘&thcr’. The Greeks called him law-giver 
and dsejews called him 'the annointed of the Lord*. 

The Achaemenian Empire, the Persian civiliatjcm, was at its peak 
during the rdgn of Darius (5E»-4W E.C.). To maintain liaison hctmji 
the different centres of the Empire. Darius created a network of r^. 
endurindy binlt and elaborately policed. One. die Royal Road from 

Susa, his capital to Ephesus in Asia Minor. w« ncady 1.000 imlcs long. 

with III post-starions. each with relays of fresh horses for the royal 

couriers, who cofild cover the distance in a week. Another road, linking 

Babylon with Egypt, was extended into India. These great arterial 
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syfteou opened up the cnde routes between eke Occident and the 
Orient. Ac tbejuDctkm of the Kabul and the Indus riTen, I>arias built 
a fleet laduch under the Grecki Scylax of Caryanda, was g imrp the of 
sailing down the Indus and surveying the sea-route to £gypc. The fleet 
took thirty months to fulfil its mission and the culmination t^this naval 

enterprise was the building of a canal between the Red Sea and the Nile 

This, 2,500 yean ago, was the fbteninaer of die Suez r.aw«l 

‘The lengdi of it is four days’ journey,’ wrote Herodotus, ‘and the 
width such as to admit two triremes being rowed along it abreast’ 

Id 521 B.C. Darios began the glorification of his capital at Sosa and the 
building of Persepolis, wdiich was said to sar{w in grandeur the mag ¬ 
nific ence of Babyloo and which was to be destroyed by fire, by accitb^r 
or design, during Alexander the Great’s conquest of Petria. Darius has 
left his own account of the building of his palace and of the men and 
resources, &om all over the then known world, which went into its 
construction. The Babylonians provided the bricklayers with dietr sloQ 
at making sun-dried brick; the Assyrians concribured the cedars of 
Lebanon; silver and ebony were brou^t &om Egypt; the stooe-cutten 
who wrought the stone were Greeks and the goldsmidu were Medes 
and Egyptians. 

Weights and measures and the system of coin^ were introduced 
throughout the Empire. In Mesopotamia banking had been known as 
early as the millennium B.C., but >»n>W the Persian Empire 

private banks were established, notably that of‘Egjbi ofBabyloo’, who 
has been identified widi a Jew, Jacob. This bank floated loans; its capital 
was invested in house property, firrms, slaves, eatde and boats. Current 
accounts were operated and cheques were in use. Indeed, die word 
‘cheque’ is of Persian origin. The banken financed the di gging of canals 
and sold the water to the farmers. 

From thu time dates the invention of shoes for beasts of burden, and 
ships of 500 tons were being constructed. The Empire was sclf«i£Bcieot 
in metals; Cyprus produced silver, copper and iron. The Kerman region 
of Persia yielded gold and silver and Sriitan, on the borden of Afgha¬ 
nistan, supplied dn. Iron came &om the Lebanon, the Caucasus and the 
southern shores the Blade Sea. 
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5. KiNC Solomon’s minis 

Darius used copper fiom 'King Solomon’s Mines’, in die mountains 
near the Gulf of Aqaba. Tliese mine had been worked since 1,000 B.C. 

and nearly 3,000 years later they are being operated again by the modem 

Israeltt, One of the most remarkable si^ts in the southern Negev are 
the slag heaps of these ancient times- the great expanses of black crusts 
from the copper smelting. The npelten ingeniously exploited nature; 
they chose narrow valleys hemmed in by precipices op which swept the 

prevailing wind ; they used these natural draugte as dM bellows for their 

«m>^1dn£ furnaces. 

Under Darius, public works were undertaken to increase ptoduoive 
Irr^adon systems were extended and marshes were drained. 
With an enlightenment tardy known before and largely frirgottcn 
afterwards, Darius eneour^ed the culdvadon of trees. Although die 
principles of modem forestry were then unknown, there was 
apparendy sdcctkve cutting of timben and not merely the ravaging of 
dw forests. There is actual evidence of Darius’s interest in arboriculture 

and in the propagarion of new spedes. In aletter to one of his govemon 

be orders him to transplant eastern plants and trees to Aria Minor and 
Syria, and gives instructions fiw the transfer of fruit trees from the 
•fonbec part of Asia’. Probably at this stage (with the opening up of the 
trade routes) Perria began to develop the frmous medicinal gardens 
which culled from the Orient and the Occident plants of pharmaceutical 
value, and, incidentally, gave us die word ‘drug’, derived from the 
Persian ’^egue', which means the demons of disease and also the 
mrHirinef vriiich appease chose demons. 

6. rocKMAKcs or rnoetBss 

As you fly by modem aircraft across Persia to Teheran, you get a 
startling tmpresrioo that the countryride has been heavily bombed. For 
of square miles the pock-marb of craters pit the landscape 
with an extravagance whidi could only be seen on the bombed battle¬ 
fields of Wodd War IL The craters are in regular lines suggesting the 
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remits of'sticks’ of bombs, except dot tbc^ criss-cross atul 
This strange landscape, however, is so modem They 

provide evidence of a practice which some Persian amhoritics 
goes bade 5,000 years. 

This is the ^aat system, an ingenious if laborious medwd of exploit¬ 
ing water. The fsnests might be described as horizontal walls. They are 
underground rhanneh with vertical shafts - craters which look so 
peculiar from the ait. The shafts are at intervals of about fifty yards and, 
in construction of the ace used to remove the waste excavated 

by the miners, but they were also ventilating to enable the minets 

tobreatbe. They can be used, of course, as vertical wells to take water 
ftom the horizontal weU. These subterranean <-anal« are devices foe 
bringiug water ftom the ^ring sources in the mountains down to the 
waterless pUixu. They can be of ceosidetdde length. The longest known 
is Yetd and stretches underground for thirty Vertically the 
deepest, at Gunabad in eastern Persia, it x.ooo feet The average depth is 
about sixty fiwt There are supposed to be about 50,000 pmeets in Persia 
with a capacity varying ftom half a cubic foot CO five cul^ feet a second. 
These qauats bring the water fix>m the well strata in the mountains to 
the plains where they etneige as open t-hanni*!* which today are « ^TVd 
jubes, wide gutten which supply the farmers, the villages and the towns, 
including Teheran, the capital. The system of land and water rights is 
very complicated but in prind^ is a land of joiiu enterprise between 
two sets of landlords - the owners of die high , but poor, land which 
contains the water, and die owners of die good land which needs the 
water. They usually take the precaudon of marrying into each other’s 
familw 

In the rime of the Achaemeaian kings, notably Darias, the 
system was encouraged and exteided as a farm of public utility. The 
fcuot would seem to have been an original Persian tnveiBiotL The need 
for some such device is obvious when we dunfe back to die earliat 
settlers first culrivacing the alluvial lands round the desert rim, with the 
day pan underneath preventing the mountain waters ftom creatii^ 
natoial springs in the plain. They were also wise enough, those primitive 
hydrologists, to recognise the loss of water by evaporation and of the 
need for keeping it, on tap as it were, underground. 
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Wherever the Pecsuns went u tbor Empiic extenidcd, they insoduced 

die yMifff They »re to he found in Biluehittan. in North India, in 
A^hanittan, in Syria, in Cypru*. in the Nc^ and in Egypt. The 
Jii^era principle in Tunisia and A^cria is simiUr but may have had an 
ind^endent ori^n. 

A feature of the mining of these qmwtu is the present-day use of a 
compass wluch gives thefajUw- the leadii^ miner- his diiecrion undet^ 
ground. This primitive compass b produced by rubbing an iron needle 
with a loadsmcse and supporting it on a pivot on something which would 
Aoat so that the magneric point will turn nordi. TWi raises die long- 
debated question ofthc place ofori^ of the compass. Th^es, ^ Greek 
(about 600 n.C.). knew that iron ores, such as were found in Asia Minor, 
near M^esia (hence ‘magnetic’) could attract particles of iron. There 
u little doubt, however, that in very ancient dmes, the C h i n es e had 
developed the pivoted magnet. The discovery would appear to have 
been made as a result of‘geomandc divination’, the practise of throwing 
objects on a board and foretelling the future from the way they lay. 
The use of the compaa in the ^enaar is so important to the miner in 

giving him his bearings underground, on a foosd point in the hills, that 
one wonders whether the fir« and the fint compasses did not go 

together. both very old indeed. Of course, the loadstone may 

have come into Persia from Ch i n a. 

Another important feature of d»c Persian water economy is what we 

still call foe *Pcman wheel’. This is the wheel with the continuous chain 

of buckets which is still widely used in water-lifrit^ for irrigatioa. It is 
held to be likely that this method was inuoduced during the Acbae- 
menian Empire. 

The riches of the Persian Empire, derived from its tributary peoples 
and from its craftsmen of so many diferent odiuies, were prodigious. 
Alexander foe Great it said to have employed ao,ooo mules and 5,000 
to transport the treasures of Pcrscpolis before it was destroyed 
and with its destruction departed foe greatness that was Persia. 

Penia and i« plateau have bca> deEbcrately chosen for this opening 
study of the ancient civilisations because as a coumry it b a watershed 
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of the Eutem and Western culeum, religions and knowledge. And its 
ilevelopment &om the hunting group lo Empire was characteristic of 
the ocher dvUisations with which it was contemporary. of these 
other cultures, however, has examples and e:^oieaKe of relevance to 
the problems of our modem rinr Y^f , 


7. BBFOKl TBI FLOOD 

Long before Abraham left Ur to become the Biblical patriarch of a 
pastoral people, there existed in Sumeria a culture with delicately 
painted pottery. It had settled and developed on the rich alluvial silt 
brought down by the Euphrates. 

Most authorities wotild now agree diat the story of the Flood ^ 
Genestr) was based on a Sumerian legend of which die oldest written 
versions date from at least a,ooo B.C. The reality of die Hood was 
established in 1929 by Sir Leonard Woolley. He was excavating the 
graves of the kings at Ur and he was satisfied that the civilisatioo it 
represented was so fiir advanced diat it must have had a long past behind 
it. He sank his shafts through one layer of archaeological debris after 
anodier until he reached dean clay, uniform throughout and with a 
consistenc texture which showed that it bad been laid there by water. 
His expert diggers insisted that diis was the bottom of everydi^ - the 
river silt on which the original settlement had been founded. But 
Woolley made an important observation. He noticed that the level of 
the clay was too high above the original marsh. So be set them digging 
again and they cut dirough eight feet of clay, to find themselves in a 
civilisatioo older chan the otie they had been tnvestigtting. Thh was 
Ur, of an older epoch, which had been drowned in the Flood, which 
had been overwhelmed by the waters as suddenly and as completely as 
Herculaneum had been engulfixl by the volcanic eruption of Vesuvius. 
The Hood mwt have been a mighty one smee it was capable of deposit¬ 
ing eight feet of clay - and die proof was in the clay itself which was not 
stratified as it would have hem if it had been the gdimmt of a suc- 
ccsrioQoffloods. The date of the Flood could not have been later than 
2,700 B.C. 
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A* we have ««. ia dealing with Persa, painted pottery was iiready 
appearing there about 4.000 B.C Whether the culture at Ur in the plains 
had been by the people of the plateau is a matter of quesnoo. 

But it is apparent dut in die culture which developed on the day, 
burying the original Ur, difierent influences were at work. In the Bible 
it says, ‘And it came to pass that as they journeyed from the East they 
came upon a plain the land of Shinar. and they dwelt there.’ (Sbinar 
was the name for Babyknia.) This would be consistent with a move¬ 
ment from India of an advanc^ brought with them know¬ 

ledge of agricultute, metal woridng, die potter's wheel and a script. 

This deduction does not simplify, hot only complicates, die problem 
of where city cultures first devebped. It is common ground 6at dtey 
grew up in the valleys of the Nile, the Tigris and Euphrates, the Indus, 
the Oxus, the Yangtse and the Yellow River. But whether they 
developed independently in each tegb“ whether by diffusion - by. 
tbe migrarion of people and ksiowledge - is a quesdon which cannot be 
answei^ with accuracy or even with approximitkMi. (When we con¬ 
sider the techisological changes wrought in Japan in one century of 
couaa with the induscriat world, we can see bow quickly knowled^ 
can be adopted and adapted.) 

It would appear, however, that while pce^lynastic Egyptians were 
still working with flints, the Sumerians, in Mesopotamia, had already 
advanced to the use of fine metah and delicate art work which come 
fiom long-establuKed crafr traditions. 

S. TBS SATTBKN OS CITY CVITOSB 

The pattern of the cicy culture can be frirly logically determined. In 
the evolution of sociecy the hunting group became the seeded cultivator. 
The crops sown (o fi^ed Man and his domesticated bcasu provided a 
tegular food supply. In Mesopotamia, according to Herodotus, the 
sown wheat yiel^ two-hundtedfeld to the sower, who could get two 
btfvests a year from his grain fields as well as good fodder for his sheep. 
The cultivated lands aloi^ the rivers, with rich silt soils and constant 
p codoced not only subsistence fist the tillen but a surplus. This 
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surplus became d>e basic commodity of trade. Use dOer could use it to 

secure his spedal needs - better tools than be could make himself, better 

pots, better &bcics and luxuries which gradually became 

These were custom-made by specialists - craft-wodeen - and they in 
tiuo produced their surpluses. could trade their manu&cmtes not 

only withiii the community but with other communities. The exchange 

of goods obviously included the exchai^ of ideas which the craftsmen 
in the various communities would adapt for the improvement of their 
own skills. It was an acederaring process. 

The ftars which beset primitive peoples - the cave-men coweting 
ftom the lig ht ni n g - b ec a me the mote sophisticated superstitions of 
fears, discussed and shared, within tlw settled community. There were 
fttacttonal supersdtioas at weU. Use tiller bad his own observations of 
the rhythm of nature, ofgermination and of the seasons, but there were 
natural drcumstances which were outside his control and he 
means of measurement and of predied on. The of evoia 

with the appearance of idendftahle Stan in the heavens, or the phases of 

the moon, or the behaviour of the sun. created a basis fer an almanafi- 
Peasant ktee, while shrewd, is not always accurate or But at 

communities developed, ohsetvatioo and interpretadoo of events 
became a specialised ftmedoa. 

Astronomy was one of the earliest of the sdeaces. It was dse recog¬ 
nition and codification of die unifbrmides in nature. The peasant, as be 
stands at die door of his hut, sees the tun rising in di fieren t positioiis at 
diftctcDC times of the year, hut always on the one botuon. He sees it set, 
but always on the opposite horizon, and so be recognises the eastera 
rising and the western setting. Given any fixed point of reference - a 
pillar of rock, a tree or a pole - he notices the shadows vritich move 
round it, longer in the moming and the evening, shortest when the tun 
is highest in the heavens at noon. He acquires a sense of time-keeping 
because the shortest diadow conveniently divides his workiiig day into 
moming and afternoon, while the beat of the noonday sun emphasises 
the division. 

In the wide open spaces, before streets and alleys narrowed the visioQ 
of the sky, the pageantry of the stars foUovnd a eenastcru pattern in 
which the star dusters, the constellations, to which people gave 
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symU^ tusus, would change dKtr podtion u the nigju progressed, 
jnst as the solitary sun did in the course of the day. In the northern Isemi* 
sphere they would aodce that one star, the Pole-star, would always be 
seen above the same point on the horizon, in the same place at sunset and 
at They would notice that, as the night passed, the other stars 

revolved about and above the Pole-star &om cast to west, aisd the signal 



Piinuthre gttoinoo used by Booko tribes* 
Bsen to deomatne (be tsce^>lanting season 


of midnight would be when a cluster, rising at sunset oo the eastern 
horizon and setting at sunrise on the western horizon, was directly above 
the Pole-sar. So, to the 'shadow dock’ of the day-tune, diey could 
add the 'star dock’ of the ni^e. The regularising of dus time-keeping, 
in terms of the day, the monds and the year, became a question of 
recording. 
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9. THE MAXING OE THE PBIESTHOOD 

In tbe course of dme, tlie record-keepers, who acquired the abUicy 
to predict, became priests. Utey had an insght which gave a fore* 

tight - a colle c tion of sciea ti fi c &cts which the working community, 
preoccupied with their own labours, would not To ensure the 

concinmty of the records, dwre had to be tome sort of ; and 

so the dements o£ priesdtood developed - a group of people set aside, 
generadon after generation, widi special privileges to ensure 
leisure of thought, maintained by die products of the rest of the group. 

Complete records exten di n g over 360 years were discovered at Ur. 
These s^w the building up of mformation which was the basis of an 
advanced astronomy 5,000 yean ago - or about the umf when Bishop 
Usher would have us beheve the earth was created. They show that the 
Chaldean astronomen, without die hdp of' predston mstruments now 
at our disposal, had worked out the length of the year as 365 days, 6 hours, 
15 minutes and ax seconds - only 26 minutes and 26 seconds too long. 
That was valuable functional knostiedge whidi could be socially useful, 
but they had also dis co vered the cycle which they called the Stvos. This 
was the recurrence of the eclipse of the sun. They had d i sco ver ed &om 
the recorded observations of generations of priests daat there were 
inctdencs in time when the earth, die moon and the sun were in line, and 
that precisely 18 yean and it| days later they would, to the observer in 
the same position, be in line again. So the Chaldeans could predict to 
the year, the day and die bour die moment when die sun would be 
eebpsed. This was an important scientific &ct, but it did not tell people 
when to arrange their meal-tunes or to sow their aops, or to prepare 
for die lambing. It did, however, with many other astronomical dt-bits, 
give the astronomer-priests a power over their fellow-citBcns. One can 
imagine die conscematioa of the people of Ur when, on the day and at 
the boor and the instant which the priest had predicted, he was able to 
blot out the sun. 
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10. PKOM MBASVBBMBKT TO MYSTICISM 

Frois the &aual origins o£ astronomy came the mystical lore of 
astrology. The priests created the godis with whom only they were on 
spealdng terms. From bring merely the ledger*clerk of events, obligingly 
supported by the bboun of the manual wodcets, they became a power 
in ctcy^4orieties which were growing np. It suited them to encourage 
the belief diat ucutc could be bought off with bribes, provided chat 
they were the intermediaries. 

(Somewhere about this time, in ^yp< the priestly ledger<]erks 
developed the ‘Nilomecer’. The whole life of the settlers in the Nile 
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Oisgniiiintbc scctsoa throu^ a (eU sc Breds, MesopoOtnia. Tlie lowest 
lerd X is the loppoted fouodatioci of dwfint temple Iwiltoo diu sise. 
Icvdi D and E mdiote foundadoDi of two later tenpks. C diows a s(31 
moR recent tempk phtibnn. At B ue the ndu of tbe 'Whitt Temple' 
and its walls. Later ttOl tbeat were encased in the bciclcwoik A 

Valley depended on the rise and fiJl of the river. By making an under¬ 
ground channel horn the river, the priests could keep accurate records 
from their water-gauges which, over a period of years, gave them the 
of predicring not only seasonal but cyclical changes. This apparent 
uncanny power wu the basis for etscouraging ntpersddon, which 
became religion.) 

As the priests’ power tnereased, to did the f^ysical manifestatioos of 
theiz authority. The first, and most substantial, stroaure in the settle 
menu that grew into odes was the shrine. For measurement one always 
needed a fisttd point The shrine, once established, provided chat 
observational base. As the rides grew, the shrmeswere reconsouceedona 
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scale oferer-increasixig grandeur but always on cbe haHowed site. 
So the fbuiuladons of die superimposed temples eventually fonff'n ? rfd 
a mound, or ulL Sueb iuUvt Erech in Lower Mesopotamia (Sutneria) 
has revealed a succession of temples, each built on top of the other. 

Attached to sudi temples were granaries and storehouses which held 
the free-wiO offerings of the culdvators, and there were aho the libnries, 

to whidi the culdvatots oettainly would have no acceai and which coo> 

tuned At templo-fcoords which gave die priests their vested aucbotity. 
It is evident &om these records that the Suisicrian ffnaers firmly 
believed that they were the servanQ of the who bad created and 

owned the soil they oil ed . To boy the ffvour of these dei t ies they paid 
tribute &om die ptodoce of their labour. These revenues-tn-kind were 
used not only to feast the invisible gods (who had apparcndy a great 
appetite for beer) but to st^port the ever-growing priesthood and the 
army ^ specialised ardtans who provided the equipment of the temple. 

A part of the revesuie^n 4 uiid was always appocdosied for export - 
commodities of trade which brought bade to the temple fbreiga 
delicadfts for the enjoyment of the priests, and precious stones and 
ornaments for the adornment of the temple. In diis way the temples of 
each Sumerian dey breame r^osttories and trading centres fisr the 
increasing surplus produced by the eicy lands, which were really temple 
estates, since the soveceigaty of die gods was acknowledged by the 
culnvatocs. Subject to the gods, the Sumerian land was conunuiully 
owned and paccdled out among the gods* people, to be worked as 
individual fiums. But it is obvious in the carlktt dedpherahle tecords 
that the higher temple officials owned, and could pass on to chest heirs, 
mudi larger plots of the temple land than their lay brethren. 

From ^ growth of the successive temples (as revealed by archaeo¬ 
logical excavadoa) it is possible to measure die growth and the wealth 
of the settled populanon. The Mesopotamian village by 3,000 had 
grown into a dey averaging S,000 to u,000 inhalncaais. Most of the 
ddzetis were sdtl actively engaged in fimning, stock-breeding or fishing. 
Tliey were supporting an uebw population which alreaxly included a 
superstructure of priests, administrators, derks, and spcdalist aafb- 
men. The revenues of die temples had already reached the point where 
fit.^r arltwmittr ^firmrrqtrirgdttnttMdyattsffofmaaageB anHacmtinnnw 
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but some coasiscenc means of recordix^ - a ci{>her - which the memben 
of the tenq)le corpondoui couid understand. These symbols of receipts 
and es^eoditure became dw ori^ of writing, and wtidng some 
authorities nught regard as the transitioa from barbarism to dvilisarion. 

II. PKOM PBIBST-KING TO WARR10B>X1NC 

Widi the growth of the priestly hierardiy. the emergence of the 
priest*kiixg was inevitable. ELther by his learning or by his acquisidon of 
inherited temple lands an individual was bound, at some stage, to 
exerdse authority over his fidlows. He would reinforce that audiority 
by identifying bimsdf with a god and become the living embodiment 
of a ddry to which the ddzeos already acknowledged all^iance. 

And as die dries grew and their external trade iT»<T fasfd. the hostility 
whidi a nomadic pcofde felt towards the tillers timed to envy and a 
predatory o^e. TtU dries, and the accessible wealth which they repre¬ 
sented. were likely to be raided by marauders and had to have the means 
to defdid themselves. So, in addirion to dry walls, they bad to have 
soldiers to guard them. Soldiets need officers; officen hccomr generals; 
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generaU become ntkn; ‘d ef en ce * becomes 'aggtesaoa* end any ptetext 
ts sufficient for aggrandisement by conquest 

There was, however, another encouragement towards wars of 
quest: the need for slaves. The peasant and the soil were now supporting 
a social superstructure as massive as the ziggurtds wluch had b^ b ^ii tr 
over ffie first modest shrines - the craftsmen, the priesthood, the tax- 
gatherers, the dynastic households, die tradesmen, the mooey-dtai^ets 
and die soldiers. 

The produce of the soil had to be inoeased to satisfy the MQiwach* and 
die avarice of those who no longer worked the land. The willing dthe- 
payer of the primitive temple, paying his dues for the land the gods had 
made and the crops they bad given him, had now become die serf of a 
feudal system; but the prisoner-of-war could, in turn, become his 
slave. 

Slaves were needed for the buildit^ of die cities. They were the brick- 
makers and, under the direction of the craftimeti*«rchitects, they were 
the builders ofstroctures like the riggwretae Ur whidi over the original 
shrine-site became a vast structure of staged towers which measured 
234 feet by l85i feet at its base and was 84} feet hi^ (Such ziggurats 
were the ‘High Altars’-man-made mountains in the alltmal plains. The 
Tower of Babri was one, and it is clear dom the Bible that ptisooers-of- 
war of so many natiooalities were used in in coostnictio& that there was 
a ‘oonfustoo of tongues’.) Slave labour was needed for die buildup of 
the dty walls to pcocea the .dry and its wealdi; the one at Nineveh is 
70 feet thick. 

Among the public works for which slaves were most needed was the 
construction of water diannels. Once, however, irrigadoo systems were 
constructed then, as now, competidoa for water tights led to violent 
conflicts. (We have only to remind ourselves that the word 'rivalry' 
comes from the Latin ritmt - meaning ‘a stream’ - to realise that die 
struggle for water has always been a cause of feuding.) It called for an 
ovetbrd who would not only make himself responsible fer the bnUd- 
ing of «na1« to supply a wide area but would provide the labour force 
to mainMin {h ewi, the Uws to f^uUte them and the wJdiexs to protect 
them. Some of the eadiest wan b^een die dries of Mesopotamia arose 
feom the quarrels over competing canal systems. The systematic ruin of 
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aa inigadoa system was ooe of the method of punuhing a defeated 
enemy. 

When Seonackerib of Assyria vented his wndt on Babylon, he polled 
down die temples and palaces and deliberately choked the c a na ls with 
the dfbris. 

Thffi he boasted, Thiough the midst of that dcy I dug canals; I 



Mtp of Adds and eaaals neat Nippox (ijoo ax^ 


flooded the site with water... so that in days to come the place of that 
dty, Its tcm^es and gods shall not be remembered. I completely blotted 
it out with flood water.’ 

Hb son, Esaifaaddon (dSi-ddp B.C) repaired the damage. ’I mobilised 
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all die arduns of Babylonia, and chey cut down the reeds and the cane^ 
brakes which thieved mightily in the midst of the dty. Hk waten of 
the Euphrates I dammed. I shut them off fiom die midst of the dty and, 
into their ibemer channds I directed them.’ 

la. inmcATioN-THB vibst ruBuc otility 

Loi^ before that > 1,000 years, in &ct - Hammurabi had Iq 

bis code of laws ordinances on irrigation, such as 'If a man opened his 
canal Ux irr^anon and neglected it and the waten spdl a ndghbouc’s 
field, he shall measure out unco him grain in proportkm to the ndgb- 
hour’s field.’ 

Irrigation was rebtively simple in Lower Mesopotamia. The Euph¬ 
rates, slower and more manageable than dx Tigris, catiics only half its 
volume of water and lies hi^ict chan die other river in its 
deltaic readies. This ensures a gravicadotul flow between the two riven 
but where the water could not be spread by the mundatiop of low 
ground, when it was needed on higher ground, methods of lifting it 
had to be invented. 

The simplest way of lifting water is in the hollow of the hand or, 
better sdll, in the scoop of two hands, and this system was ’mechanised' 
by the making of a bigger ’hand’ in die shape of a leather bag or a 
wooden scoop, and the lift of the arm was also mechanically exaggerated. 
One of the eaclien devices was a hocizomtal pole supported on two 
uprights so chat the operator could work more eflectively by hauling 
downwards instead of upwards. This tackle was gready improved by 
the addition of a s^tem of pulleys. The modem Arab word fiir pulley 
b found in a tablet of the fifteenth century b.c from Alalakh. tn Syria. 
The earliest puUey^whed yet discovered in Egypt b of die Roman 
period. 

Another method used, and sdll surviving, b the swipe or shaiuf. Two 
pillars abotu five feet high are set less than a yard apart. A horizontal 
beam b fixed between them. On thb b pivoted a pole, on one end of 
which a bucket b suspended, while on t^ other end a weight b fixed 
as a counterpoise. Tlie operator pulb down the bucket to fill it from the 
river oc canal and the counterpoise lifts it so that be can tip the bucket 
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into an imgBOoo tfougk By thu method water can be 

more. A more daborate *y«cm can lift it higher, by arranging the 
shaiufi on terrace* one above the other. Hie fiitt operator ii& the wat« 
(xom ic anal and op* it into a trough on a higher kvd, ftom whi^ 
the next operator lift* U even Ugbec. Hw lyttem is p.^ m the 
records of 700 B.C. but the angle dwhf appears on a cylmda-*eal of 



A»T«m ntog wutr 6« die rive, br 

d«Se^ Tbe « »wi upri^ «»»* “ J** 

river bank, md in tool of each a bride pbtfcrm is b«uk ^ t^ 

river fcr tbe »o who fin end empCT the bucket*. From the palace of 
ef,.««A..f ih«ibCi»vA.Mgot>o*an>*a(KV«ad>«««i««ry».cj 


about i,400-a,aoo B.C Ibere U evidence of the nse of eh^ budwts 
around doo B.C. in Babylon. 'Hjere was ako the ktrti. a skin bucket 
hoisted by power, the animal walking down an mcliacd ramp. 

As long as there is a river handy, the problem of wita is fairly easily 
solved. That was why intensive agriculture developed in the nvcf 
valleys. BtK people’s aedvioes often carried them away ftom the rivers 
and into areas of scant rainftll. where perennial streams were lacking. 
Then any had to be concentrated around an oasis well, a 

fotile plM in die barren desert. 


13, WATBB ?BOM TBB BOCKS 

Water may be found where a porous rock restii^ upon impermeable 
strau apturcs sufficient rain at»d is near eoot^h the surface. In any 
acpceisioa. where the impermeable rock outcrops at the surface, a spring 
will emerge. The ijuanrity of subsoil water will give rise to sutfocc 
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springs on level grotmd or nuintaia a levelofwateriaa well sunk in 
dw porous layer. 

The method chosen by early Man for finding uodergroond water is 
sdll employed by the nomadic Bedouin today. He looks for h in the 
wadi-bed - the dried-up river chanxKl. There the brief spate of the wadi 
has seeped down nearer to the water-cable (wbeie it exists). Or be will 
look for it where he finds unexpected vegetation of a type which sug¬ 
gests that ia toots are finding water reasonably near the surfiKe. A hole 
is made with hoes or digging-sticks. The loosened cards is piled around 
the hole to fi>nn a parapet to protect the well firoin aiunuls or wind¬ 
blown sand. Use water-seeker just digs until be reaches it. If it is a good 
source, then the well will be Imed, the wed-bead made pennanent and 
some kind of lifting tadcle erected over it. 

So much for the nomad, but the development of the city^cultures 
involved acdvides whids could not depend on the fisrtuitoiu finding of 
water. The mining of metsds and the quarrying of stone meant providing 
water for considerable bodies of men in remote places. This frequently 
meant mining for water befisre mining for ore. Circumstances nsi^ 
compel them to go through solid rock without dse advantaga of modem 
drilling methods. This they would do by beating the rocks and quench¬ 
ing dsem so that they cracked and could be manhandled. The quendung 
meant having water in advance and establishing a mining settlement in 
this way must have preseated cosssiderable ptobleoss of logistics. 


14. ABTBSIAH WBLLS 


Few wells in the Middle East and North Africa arc very deep. In die 
wadis, water can usually be reached at twdve to fifteen feet. The 
shallow weUs of the Libyan oasis may yield up to eight gallons a minute. 
When greater quanddes are needed for irrigadon or a la^ populadoo, 
it is necessary to dig much deeper through rock, to tap the water¬ 
bearing strata beneath. The wells of ancient Palmyra went down 350 
feet - a remukable feat engineering. 

In some places a hydrostadc pressure produces artesian wells where 
the water gushes ^ontaneously up, and out oC the boring. Such 
artesian wells, bringing water from depth, can provide hundreds of 
gallons a rtunute. In Egypt, the sinking of artesian wells may date back 
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at ewly u 2,000 B.clt may have ori^iuted in the oani ofDakUb, where 
artesian water it {bond at ahoot lOO fiwt depth, and Use expoience these 
was probably transferred to the oatit of El Khar ga where the water is at 
260 fecL Ihe method of digging artesian wells probably ncrer 

varied through all the thousands of years ostil modem well-boting 
mathinery was introduced. An open shaft was dug as deep at the surface 
water would allow. This sur&ce water had to be by-passed, so the sides 
were shored up with timber. In the centre a wooden tube was placed 
upri^it. This would be a hollowed tree-trunk or built of acacta-wood in 
curved sectioDS. Like modem tube wells, diey were sunk in succession 
and the joints sealed and made watertight. The space between die shaft 
and the side of the pit was filled in and packed dghdy. Within the shaft, 
drilling was (hen started with metal rods driven into the cock by per^ 
cussaon. This was a laborious process, with the ddbtis to be removed 
and hard rode to be encountered. The boring would take months, if not 
years, and if the lining collapsed or cracked, everything would have to 
Stan again. 

IS. VAMS TO CHICK THB WATBSt 

The idea of dams for bolding water co the surftce would be furiy 
self-evident in a riverine community. This was partkularly true in 
Ancient Egypt. The Nile rises and fttls at fKedictable periods. In the 
b^jnning ofjuly, the river is greenish with scum ftom equatorial waters. 
AWc a fortnight later, mu^y silt begjns to arrive, with a redness 
which caused it to be attributed to the blood of Oriiis, the‘giver of life’. 
The rtong waten flow over the low-lying lands and the floods continue 
until September. By the end of October the river has r etr eated again 
into its bed and by ibe end of May the river b a shrunken stream, 
surviving only ftom die constant flow of the White Nile tributary. 

In times the valley people moved to higher ground as the 

floods rose and then rctumed as the river subsided, to gather die edible 
seed s of die wild grasses or, later, to raise plants themselves. Then, with 
more enterprise, they would build retaiaing walls, to keep the water out, 
or in, in an enclosed area. 

OtR of thu grew die Pharaonic system of basin-irrigatioa. Thb con¬ 
sisted of throwing up earthen banks parallel to the river and then criss- 
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cfojsing the valley plain with other banks to produce a chequer-board 
pattern. The sectioos m^t be anything from i.ooo acres to 40.000 
acres in extent The dykes were broken to admit the flood-watco to a 
depth of three to six fret and the gap was then dosed. After about a 
nwnth, when the ground was thoroughly saturated, another dyke would 

be breadsed to allow the nirplus water to drain offto permit the plough¬ 
ing and sowing. This drainage required canals and once the 
of chose was realised, it was a modest step in hydrauUc engineering to use 
chose channels as a means of carrying water further afreld. 

This system rfbasin irrigation, adapted to the mote or less r^ular 
habits of the Nile (in contrast to the erratic habia of the Tigris or the 
Euphrates) had nunifrsc advantages. Once the land had been flush- 
flooded, no fttfther irrigation was needed frr the wheat or bailey or 
flax. Manuring was unnecessary because the silt deposited by the floods 
brought its own o^anic fertiiisets all the way fiom the equatorial 
hinterland and also the phosphates which the river had out of 
the upper reaches. 

To Mcnes, die legendary first of the Pharaohs, is ascribed the fust 
damming of the Nile to control the flood-waters. One of the attributes 
of the Pharaohs (aided and abetted by the priests and the Nilometecs, 
which gave quite radotul measurements, and thus predictions, of the 
rise and frU of the river) was that they had supernatural liaisons with the 
gods who controlled the river and therefore the lives of the pcojde. 
Their temporal attribute was that they were the patrons of the public 
works which built the dykes and dug the master canals. In a,ooo B.C. 
King Amenemhet I boasted. T grew com. I loved Neper, the grain god. 
In every valley the Nile greeted me. None hungered nor thirsted during 
my reign.' 

The deputies of the Pharaohs, the district governors, had as tbesr chief 
ride, 4,500 years ago. The Diggers of Canals'. On t^m fell the duty, 
not only of creating the canal system but of organising patrols of all t^ 
dykes when the river reached its flood heists and of mohiliring aid 
when disaster occuned. 

The story oQoseph and the Seven Fat Years and the Seven Ti»^n Years 
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is the aceoimc of a drcumstance which has recurred all through the 
thoosands of yean oTNile history - the cyclical droughts, which ate just 
as sexioas as die cyclical floods, like the one recorded at Luxor. There, 
about S67 B.&, *t^ flood* (as a temple imaiptkm records) ‘rote in this 
lawl , The entite valley was as a sea. No dykes could withstand 
the fury of dse waters. All the people were like watcr-^ds or the 
swimmen in a torrent The temples c^Thebcs were like manhes.' 

The Nilometert, spaced up the valley, gave continuous recordings 
and die priesdy reco^ provided the necessary comparisort Thus the 
fiver pfieso thwr masters could have warning fiom a soccession of 
twenty sices of the approach of the floods and gauge &om their statistical 
records any abnormality. The archiva of Nile records for the 1.300 
yeaa fiom the Arab conquest to the present day show chat the site 
df prtptrd in the Nik Valley has raised ^ land by over eight feet 

In the Vatican today is a Greek statue of the Nik god bolding a horn 
of abundance, surrounded by sixteen children, each one cubit hi^ A 
rise of sixteen cubits of the Nik waters at Memphis meant assured pros- 
pezicy for any season. 


Id. STOBAGB CISTBBKS 


Dams to store water as well at to control it were another sdf-evident 
devdopment, but the early peopk would learn the hard way that an 
open reservoir loses enormous quantities of water by evaporation under 
tbefieroe heat oftfaesan.Thatis why weshouldacknowkdge a n d ad mir e 
ingenuity of those who, with no rivets to replenish their water supplies, 
invaited the rodt dscems, the underground rcservoin of die dc^. 

Scattered over the Arabian Peninsula cement-lined tanks and stone 


dstemsofunmeasuredantiquicy arecobefound. Atarid Aden there are 
fifty great cistemt widi a capadey of over diirty-million gallons. Most 
of th^ may date only fiom about 1,400 yean ago but they are almost 
cectainly die extension of a system of much greater antiquity. In 
Paladne stone cistezns have pitted the hillsides since Biblical times. To 
overcome evaporation, whidi not only meant a loss of water but an 
accrecioo of the hollowed out sunken caverns in the 
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mountains or exploited natural subterranean roervoirs such as are 
in the volcanic district of Hauran and in the fissured basalts of Trans¬ 
jordan. In the Negev, die desert in the south of Palesdoe, are to be found 
rock dstems of Roman origin, such as are aho found throu^ut North 
Afiica. but abo others whidi were constructed by the Nabateans. 

The Nabateans were the pre-Semitic desert people of Arabia who 
came imo the deserts to the north of the Gulf of Aqaba about 500 yean 
B.C. They were the great rock-masota of the ancient world who carved 
a city out of the cli£ at Petra and spread garrison cities throughout the 
desert where they lived, literally, in the hiOs. Apart from their dwelling- 
caves and their tomb-caves, they constructed reservoirs insde the hitk 
The dstems were remarkable, not only for their size - a tribute to t hri r 
nuners, masons and engineers - but for their ingenuity. The lessons 
which they taught to the Roniam we can learn with profit today (tee 
also p. 189). 

After my desert journey through North Africa and the Middle East, 
I learned to guess from the configuration of the hiOs where such dstems 
were likely to be found. Once in the region of Subetta, another Negev 
city, Byzantine in the character of its present ruins but Nabatean in 
origin, 1 looked at a hill landscape. I wagered the desert expert who was 
with me that, in a certain dip in the hills, we would find a dstem. He 
consulted his charts bat could find no evidence. We drove to the spot 
and there we found a dstera which bad been broken open from the 
surface by the Egyptian soldicn during their campaign against the 
hraelis. 

In Egypt, at Burg-el-Arab, 1 visited what had been an underground 
battle beadquarten during the El Ahunein campaign. The desert was 
perfect camouflage and without a guide I could never have found the 
entrance. Scorpions, with their powerful piiKers and poisonous sting, 
had discovered the cool comforts of the abandoned H.Q. and added a 
hazard to the visit. Underground there were twelve rooms, including a 
big War Room where the operations had once been planned. It was a 
magnificent piece of engineering and a credit to the military enginecn 
and to modem concrete. But, separated by a mile of desert and by nearly 
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3,000 yeats, there wu another ondergroand shelter. It was a water 
dspHg &oni the Romans, hot siimlar in prioaple to those of the 
Nabateans. It was not my idea of a dsteni at alL It was a great under¬ 
ground cavern with vaulted and biandimg galleries. Into it £rom 
every direcdoa fisd the runlets bringing the water the surrounding 

billt, which had been d^berateiy stripped down to bedrock. This 
esteem was one of many hundreds of Roman ci s tern s in the Egyptian 
desert. It, bbi» many others, has been restored and the nomads draw their 
water ratioa from it 


Water stored in dus way, not just for months but for yean, is not very 
£resh. It is, however, very Ihrdy; it teems with lile. Nothing would have 
indofyd me to drink it after having seen at close quarters a scum of red 
o^anisms and swarms of vriut looked like pink tadpoles which covered 
the suifkce like a living nut The nomads, however, are not quite so 
pardculat; they just strain off the wild hie through muslin. 


17. STOMB AQUEDUCTS 

The step from eardtworic canals to aqueducts was a logical one but it 
involved a big advance in tedinology. The Andents learned the hard 
way dsat soil and rocb are porous and diat die loss through seepage and 
evaporation is considerable. (Conversely, they discovered that unglaaed 
pottery, with its pores, like those of the sldn. could keep bquids cool by 
evaporadoQ.) Sennacherib (705-^1 *.0) constructed a stone canal to 
bri^ fresh water to Nineveh from Bavian in the northern foothills, a 
distanceofoveefifry miles. Tlus canal was. at some points, over sixty 
free wide. At one place, where the canal had to cross a wide valley, a 
stone aqueduct was constructed, involving over 3 , 000,000 blocks, each 
of them 20 X 30 X 34 inches, and it was carried on frve pointed arches 
across the bed of a wide stream. 

The waterproofing of the canal bed was technically ingenious, even 
by modem standards. On an indi and a half eff bitumen its builders 
fioated a lining of concrete fifteen inches thick, The concrete was an 
excellent mixtoce of Erne, sand and bcokea limestone. It is alto dear, 
from the excavacioQs of this aqueduct, diat the canal bed was used for the 
transportadra of scone from the quarries at the Bavian end. As each 
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secdoa of die canal was kid, it became the carefuQy graded pavement by 
which the stone blocks were haded on wheels or on sleds or toUers. The 
duppings show that the mason-work oo the 2.000,000 blocks was done 
on die site. 


iS. THB riKBS OB TH> CODS 

Bitumen was used as a buildmg material &om remotest antiqaity in 
Mesopotamia (but not in Ancient Egypt, uadi the Ptolemaic peri^). 
This mrly exploitation o£ the oU reserves which have ^pued so proms* 
Dcndy in our twcndech-ccntury politics was bound up originally with 
mysddsizL The Babylonian word for naphtha (wlucb we borrowed 
directly from the Greeks) was m^tu, which was used ia temple texts as 
early as 2,000 B.C. U referred to prophecies based on the manife st ati ons 
of oil &om the ground. If fired by lightning, these fiares of natural gas. 
or oil fractions, must have had an awe-inspiring efiect. Even the escape 
of gas through the fissures could be terrifying, as King Tukdd Ninuru 
recorded: '1 camped at a place where the voice ofthe gods issued from 
the rocks.’ That was in 88$ a.c 

The ancient Sumerians considered the world to be a vast raft Boating 
on a sea in which the gods lived and duough which they generously 
gected the springs of water and, in die oU-re^ons, bitumen and natural 
gas. They knew bitumen bodi as rock asp^t (a word which lingen 
fiom Sumerian dmes) and as a liquid. The Kii^ of Lagash (about 4,200 
yean ago) was obcaining it in large quantities fiom the mountains. The 
rock asphalt was heated in sieves and the bitumen oozed oot. Hard 
bitumen u sdU found in large open 'lakes’ to the west of Hit, about 
ninety from Baghdad, k can be quarried but it is also found in 
liquid form coming out of springs along with sulphurous water. This 
liquid asphalt oozing into the river fonw a Boating ‘carpet* which the 
ancients used to dr^ ashore. 

The bitumen was used in building operations as a masde. It was 
melted and mixed with fillets - sand, loam, time, diopped reeds and 
straw - whidi prevented it fiom ooang out from between the stones 
when it was used as a sort of mortar. It was also used as a paint or 
preservative. 
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19. COLOSSI AND PTBAMIDS 

Whea ooe wanted, as Sennacherib did, to move great blocks of 
stones, not only to proride the masonry ^ar his canals but to transport a 
colossus (or Ninev^ one needed haulage materials. This meant ropes. 
The manu&ccnce of topes was of die greatest imponance in the andent 
empties because the hauling had to be dmie by slaves and only a long 
rope could accommodate sufficient manpower. A bas^eliefin the British 
Museum of haulage in Sennacherib’s tune shows the blodc of stone £br 
his *BuQ Colossus’ being dragged along on a sledge and being edged 
forward on toUen by men hauling on ropes at least two and a half 
inches thick. The other method of hauling such blocks was undoubtedly 
by rafts and river barges. 

Even in the age of the great skyscrapen and bridges llui^ across San 
Ftandsco harbour and Sydney harbour and giant hydro-electric dams, 
yes, and mountains carved in the images of American statesmen, wesdtl 
cannot repress an admiration for those who, without the benefit of 
machinery, quarried, cut, transported and carved the great blocks of 
stone which characterise so much of the imperial splendours of Middle 
Eastern and ocher countries. 

It seems an iniute urge in men when they reach a certain stage of 
development to express themselves in grandiose masonry. It is not con¬ 
fined to Mesopotamia nor to the splendours chat are Egypt or Greece 
or Rome, noreveotoIodU. We find the same sort ofexpressioninebe 
massive monoliths of Easter Island and, of course, in the British Stone¬ 
henge. 

In the old Kingdom of Egypt, between 2,700 and 3,200 B.C.. the first 
sobstantul stone buildings began to appear. The earliest impressive stone 
structure, the step-pyramid of Zoser at Sakkara, shows an extraordinarily 
highly developed tkiU in masonry which indicates quite a long tradition 
in the craft. This massive structure rising to a height of 204 feet has an 
interesting collateral history. It was designed for the king by his architect, 
Imhotep, but dirough the centuries the Egyptians esteemed Imhotep 
not as a pyiamid builder but as a doctor. His name signified *He who 
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cometh in peace'. He was ddficd as a god of healing, and was later 
tdenuficd by the Greeks with cfaetr own god of healing. Aesculapius. In 
that pyramid the masonry was in small btocb. about the size of die 
bricks of which they had experience and which could be handled with¬ 
out mechanical devices. 

Many ancient quarries worked by the Egyptian kings have been 
located and have shown die ways tn which die stone was obtained. 



Unfinished Obehsk at Aswan, Egypt 


These depended on whether it was an open quarry or whether rocks 
were excraaed underground. When it was found that the best stones 
were deep down, tunnels several hundred yards long were cut duoi^ 
to reach the required stntum. 

At Aswan, a giant obelisk still unremoved fiom its bed has been 
discovered. This giant block is over 150 feet long and weighs about 
1.B00 tons. This should be contrasted with Cleopatra's Needle in 
London, which is about e^faty feet high and weighs 200 tons. This 
particular block sdll remaining in the quarry was abandoned, obviously 
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because of cracks. The obelisk was shaped and a trench around it was 
formed by pounding the granite with doletite balls, very hard stones 
which were ^plied with rammers. It has been calculated that this process 
would take at least es^ months. The quarry shows that after the crcndi 
was completed the technique was to undercut the block. One of the 
methods which was employed (but not m this particular case) was to 
ddve in wooden wedges and then to wet them so that they expanded 
and rived the stone. There is also evidence that hmestone blocks were 
cot wids uws - copper blades fed widi sand, or set with emery teeth. 
For dte shaping of the blocks dolerite, quataiee, schist, and green 
bteoda were used. 

The erecdon of these monster blodcs still meunidates the imagination 
because the capstan or pulley was unknown and there is no evidence of 
wheeled vehicles before the New Kingdom, about 1,546 b.c. The only 
devices due diey bad were levers, sleeves, roUen and a method of 
exerting tensioa by twisting ropes together. Instead of scafiblding, earth 
tamps were built, up sidiich the blocks wen roUed or drawn towards 
the bed. As the waD of a building, or the pyramid, rose, the correct 
alignment was fixed at the joints and the remainder of dsc Mocks were 
left in the rough. The final masonry on die fiKe was completed from the 
top downwards as the earth ramp was gradually removed. 

20. NOT POICBTTINC STONBBBNCB 

A method by which these giant pillan and blocks could be sunk in 
dieir fbundadmis has been suggested by the study of Stonehenge. Here 
in the middle of Salisbury Plain, about seven mila north of Salisbury, 
is a chalk plateau. And here there is evidence of two difierent sun- 
temples. The second, called StooMienge Two, still remains in its form 
of the standing stones. 

Two kinds of stone were used in the building of Stonehenge Two. 
One, saisen, is a hard sandstone found about eighteen milo away, but 
die odier is known as 'blue stone’, and that could only have come fiom 
the mountains of Pembrokeshire, 150 miles away. The outer circle and 
the horseshoe of standing stones are of sarsen, while the small upright 
stones are blue stones. Stoneho^ Two must have connsted of a con- 




Stooehenge: po«ibk medwds otetecdoa 


cmuous drcle of susea upri^ts with nones Uid bozizontally along duin. 
The average weight of the sarten uprights is about 26 Cons, but some of 
them wei^ as much as 40 tons. This would not preclude the carrying 
of these scones from their quarry in the Marlborough Downs by roUen 
and levers. The «t»al 3 gr Uue scones nuy have cocne by a laad-^ea route 
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&oni die Pembrokeshire Hills, in the dm instance to what is now the 
port of Mil&rd Haven, and then along the coast to die Avon, The 
stones could have been shipped up the Avon and its tributary, the 
Prome, and then would have been manhandled for about ten miles to 
the headwaters of another river, and down to the 'Wiltshire Avon. 

The erection is conceived to have been achieved by making the pit 
with a vertical side and a sloping side. The giant stone would be rolled 
to the edge of the pit to that it would tip down the slopbg side and be 
polled into position by a ample device of having a pair of sbearlegs by 
which, it is estiraated, i$o men could puU into position a twenty-ton 
stone pillar. The lintels could have been pulled up a ramp which was 
erected to the height of the vertical pillars. Since they had a tongue-and- 
groove joint, the lintels would be moved tideways and by the removal 
of die material underneath would drop into the pinholes which would 
Vii^M thym in posidon. 

As Thor Heyerdahl has shown on his Aku-Aku expedition, a similar 
technique would explain bow the giant stone carvings on Easter Island 
were erected. It is a matter of interest that people with obviously no 
cultntal connections should have arrived at «milar techniques for what 
would seem to be an excessive human eSbrt lor quite oon-utilitariaa 
purposes. 


at. BOASTING IK STONE 


This vaunting in stone which expressed itself amongst the Incas, the 
Axtccs, the Hindus, the Chinese, the Polynesians, the Babylonians, the 
Egyptiamand the Dnxids of Britain is astrange urge of the human spirit. 
It is as though men, in their own generation, recognised their own im¬ 
permanence, and, contrariwise, the dunhilicy of the stones, and cried 
to achieve immortality as kings or as cultures, by an almost superhuman 
effort of constmetion. 

'What impressed me at Monte Alban, in Oaxaca in Mexico, was the 
intemperance of human vanity. There in the diggings you can see su^ 
cessions of terraces - like the terraces of a sports arena. Obviously each 
new priestly order wanted to raise its temples higher Aan its pro. 
decessor's and did so by btnlding on and over the terraces, Eke a child 
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playing with building bcicks. But in the procets they boned the carving* 
which were there already. They were obliterating thdr predecessor* 
while building upon their work. 

What we know and see of the ancienc dvilisatiaiB is rKi-ii- 
grandeoc but it is necessary to remind omelva that their foundations 
wete in alluvial salt - in the soil that yielded the food and on the nUers 
that prod uce d that food. The whole of the vast superstructure derived 
from the exploitation of the soiL 
Let OS briedy recapitulate: 

By better husbandry, the dllef produced the surpluses which 
aubled him to employ others mote skilled chan he to make him 
better took. 

$0 the craftsman evolved and with him the auxiliaries soda as 
miners to get him his metah. 

On the surplus Gram foe land he supported the priests, who became, 
as weO as foe mystks, men of practical learning, or 

The temples became the entrepots, foe tifoe-hanu of farm^Cributes 
to the gods; the traffic in those goods produced trade and, when direct 
barter became too cumbersome, tokens of exchange had to be 
created: and so money was invented. 

Money became a commodity in itself: so (here emceed the money¬ 
changers, foe money-lenders and foe credit-bankets. 

The es^rt of foe produce of the land and foe products of foe 
craftsmen meant trade between ne^foouring does and later dutant 
cities. 

That meant traiupott and communication. 

Accessible wcalfo exposed foe does to foe envy of marauders and 
the jealousies of other does. 

So foe does had to have defimees and foe trade routes bad to be 
protected. 

Professional soldiers and warrior kii^ provided fob protection, 
awd, in foe event, foe conquering dynasties. But foe whole supet- 
scructuie foe craftsmen, foe priesfoood, foe tax-gafoereis, foe 
bazaar traders, foe impon-cj^ort merchants, foe financiers, foe 
soldiers and the feudal system and imperial adventures of the kings 
- derived from foe labours of foe tillers and foe soil they husbanded. 
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E 2 . THE SOIL AS A BtSTOBY BOOE 

buieed, the whole of indent society depended endiely npon the sod 
ind in the finil test the history of these times u not written on the temple 
fneses, the clay tablets, the parchment rolls or the rock-writings, nor in 
the conventional history-bocd: writings of today. It is written in the soil 

Whcsi we talk of reviving the granaries of the Ancient World, culri- 
vaoi^ again the deserts in which the Andent CivihsatioDs foundered 
in their own dust, the answers of the modem schools of agronomy are 
too glih. We must go bade to the soil itself as the text-booL 

That is what the Israelis are doing when they send out archaeologists 
as the advance^uard of desert recovery and dut is what has been done 
in Iraq in Mesopotamia itsdf. 

As a prelude to the recUiming of these lost lands a research project 
was undertaken by Dr ‘Ilioikild Jacobsen and Dr Robert M. Adams of 
the Oriental Institute, Univeniiy of Chicago. They sec out to study the 
6,000-yeat record ofirrigadoti agriculture in the Tigeis-Euphrates Hood 
plain. In addicioo to searching the andent records of Iraq, which have 
been scattered tfarougbout the world’s libraries and museums, the team 
which they headed carried out a programme of actual held work in the 
portion of the plain watered by the trihatary of the Tigris, die Diyala. 

Here they made discoveries of the profoundcst importance to desert 
recovery. One of the greatest problems which confronts those who are 
trying to redeem the deserts is that of salt, which is inherent in the nature 
of dse hoc, dry deserts. Salts, of various kinds, are harmful to crops and 
to the texture of the soil and, as has been shown in premature adventures 
in re-setdement, will in a Sew yean force the fiumer offhis land. 

These salts in the sutfoce soils have, in a land like Iraq, got there in 
devious ways. A primary source of salts is the leaching or dissolving of 
the rocks by the riven and tbeir tributaries. These salts ate carried with 
the silt to be deposited in the alluvial soil. Hie threr-bome sain are then 
distributed by irrigation waten over wider areas of the land. With the 
thin spreading of stn&ce water for irrigation purposes there is a high 
rate of evaporation leaving an aggregadoa of salt in the anble scdls. In 
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(be soudwm pm of Mesopotamia, the sea once reached as &r north as 
Basra, so that the soU itself has been deposited on top of marine sale, in 
addition to the presence of salt borne in by the winds (mm the Persian 
Golf. 

The irrigation water of this pm of the wodd contains calcium and 
magnesium, as well as sodium. As the water evirates, the calcium and 
magnesium preaphate as carbonates, leaving tbe sodium in solution in 
the senL Unless the sodium ioiu are washed down into the watet-eable 
they af&ct the clay particics, turning them into 'hard-pan', a crumbless 
soil in which seeds cannot germinate or (dancs extend their roots and 
breathe, and which b almost impermeable to water. 

Where the water-table has only a very flow — movement to 
carry away dse salts - dsey drain tbe sur&ce and in the 

ground water. When irrigation waters are added successively, or dscre 
are floods and rains, dus salt-laden grouisd water tends to rise and the 
salt seeps upwards again into the rooc-xone or to the sui&e. 


aj. SAIT AND CIVILISATION 

As we have seen, however, thu b itot a problem of just our day and 
age; u must have been true throt^sout all the thousand of years in whidi 
Man has cultivated the soil of Mesopotamia. Dr Jacobsen and Dr Adams 
reported in Corner (VoL xaS, No. 3334) on the progressive in 

soil salinity and sedimentation and how these contri^ted to tbe break¬ 
up of past civilisations. 

Although the fertility of Mesopotamia, in anriquicy, b proverbial, 
the ctadicioDal control of the water-table was based only on cbeavoidanoe 
of over-irrigation and on the practice of weed-&Uow in alcccnace years. 
The weeds were deep-rooted and had the effect of creating a dry zone 
in die soil, at depth, and so prevented the rbe of salts through capillary 
action. Thb was a form of plant drainage; the transpiradon and evapora¬ 
tion through tbe leaves of the plants could eventually reduce an arciflcially 
tused water-table to sale levels. 

The records show three major occurrences of die process of salination. 
The earliest affected southern Iraq &om 2,400 B.C. until at least 1,700 B.C. 
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Ann thgr, less seiious, Otic was in central Iraq between 1,300 and 900 S.& 
Tbere is evidence to diow that the Nahcwan area east of Baghdad 
became salted only after 1,200. 

“nie study of}acob$en and Adams suggests chat salt, in the fint of these 
occurrenoes, led to the break-up of the Sumerian civilisation. It caused 
dse northward movement of the major centres of poUdcal power from 
aouthem into central Iraq during the early second miDennium 8.c Their 
account ^ Science) of die decliM is straightforward and persuasive: 

*Ii to have had its roots in one of the perennial disputes 
between dte small, independent principalities which were the prindpal 
social units of the mid-third millennium b.c. Giesn and Umma, 
neighbouring ddes along a watet<ourK stemming from the Euph¬ 
rates, had fisught for generations over a fertile border district. Under 
the ruler Bntemeiuk, Ginu temporarily gained dw ascendancy, but 
was unable to prevent Ununa, situated higher up the water-course, 
from breaching and obstructing dtc branch canals that served the 
border fields. After rq>eated unsnccessful protests, Entemenak 
eventually undertook to supply water to the area by means of a caisal 
fiom the Tigris; access to that river, flowing to the east of Ginu, could 
be assured without furdur campaigning against Umma to the north¬ 
west. By x,700 8.C. this catial bad become large and important enough 
to be csdled simply "the Tigris”, and it was supplying a large region 
west of Giisu that formerly had been watered only by the Euphrates. 
As a result, die limited irrigation supplies that could be drawn fi:om 
the latter tivec were supplemented with copious Tigris water. A 
corresponding increase undoubtedly occurred in seepage, flooding, 
and over-iiri^don, creating aQ the conditions for a decisive rise in 
ground-water level. 

‘Several parallel lines of evidence allow die ensuing salinisation to 
be fallowed quandtattvcly: 

(i) Beginning shordy after the reign of Entemenak, die presence of 
patches of saline ground b diiecdy atmsted in records of ancient temple 
surveyors. In a few cases, individual fields which at tune were recorded 
as salc-fiee can be shown in an archive feom 2,100 B.C. to have 
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developed conditioiu of sj>o*wiic salmity during tKe 300 mtervening 
yean of culdvadoo. 

(3) Crop choice can teiaflueaced by many lioon, but *e oniet of 

salinisation strongly fevoon the adopnoo of crops which are more 
salt-tolerant. Counts of grain impressions in excavated pottery from 
sites in southern Iraq of about 3,500 B.C.. made by R Helbaek. suggest 
at that time the propordoni of wheat and hatl^ were nearly equal 
A little more than 1,000 years later, in the time of Entemcnak at 

Ginu. the less salt-wleram wheat accounted for only one-iuth of the 

crop. By about 3,xoo 8.C wheat had slipped sdll funbec, and it 
accounted for lessthaaipercentofthe crop intbe Girsu area. By 
1,700 B.C the culavadon of wheat had been abandoned complctdy 
in the southern part of the aUuviiun. 

(3) ConcuTTcnt with the shift to barley cultivation was a serious 

decline in fertility which for the most pan can be attributed to salinis*. 

non. At about 3 , 400 s.c. in Girsu a number of field records ^ve an 
average yield of 2,537 Ums per hectare (3.780 butbeb per acre) - 
highly respccuble even by modem United States and 
standards. This figure bad de c lin e d to litres per hectare by 
3,100 B.C., and by about 1,700 b.c the recorded yield at near-by Larsa 

had shrunk to an average of only 897 litres per hectare. The cfiects of 

chit slow but cumulatively large decline mutt have been particularly 
devasucing in the cities, where the needs of a considerable super¬ 
structure of priests, admisustrators, merchants, soldiers, and crafts¬ 
men had to be met with surpluses from primary agricultural pro- 
duccon. 

‘TIk sootbem part of the alluvial phm appears never to have 
recovered fully from the disastrous general whidt accooH 

panied the salinisation process. While never completely abandoned 
afterwards, cultural and political leadership passed permanently out 
of the regioa with the rise of Babyl^i in the eighteesith century B.C., 
and many of the great Sumerian cities dwindled to viOages or svcK left 
in ruins. Probably there is no t>iw<rii-al event of dm magnifudi* for 
which a single explanation is adequate, but dtat growing soil salinity 
played an important part in the break-up of Sumerian dvilbatioQ 
seems beyond question.’ 
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It U of great histoncal unportance to learn, in this way. how a ctvilisa* 
tioD can die. It is mote important to ooi present needs to know how it 
survived. Here were conunuoides which had existed in spite of the salt¬ 
ing of the Mil which they had &imed prosperously for 700 years. The 
e^ence is pretty coocltssive that the climatic conditions have not 
changed in ^ dsousands of years between them and us. There is no 
sign of large-scale drainag e systems which might have corrected the 
infilrrariiin of Salt and yet, as Jacobsen and Adanu have suggested, the 
grain produedon was impressive evm by present-day standards, with 
all otic fertilisets and scientific methods. 

14. OCR DEBT TO THB TAX-CATHERBRS 

The trrtboob in which the redanudoa of these lands may be 
observed ate in fact the temple records, the tax-gatherer’s accounts. 
l\vo sets ofrecords, with a gap of 300 years, have been examined from 
dK moond. or uU, of Lagash, die dty which was contemporary with, 
and near, Ur. These tax returns are in the form of clay tablets and the 
eariiest of them dace back 4,400 years. From these Dr Jacobsen and his 
colleagues were able to identify the actual fields and to discover how 
much irrigacioa water was put on them, and for how long; what oops 
were mwd on them and not only what the yields were but bow fiu 
apart they sowed their seeds. 

But the nit which provided die ultimate fbtihty was itself a problem 
for the culctvaton. We accept die fiuc that riveo bring down 

the sSc and create the ail uvial ddtak soils. But it is now obvious (hat vast 
areas of the plains of Mesopotamia were covered by man-made soil; 
men spread the silt by their systems c^irrigadon canals. 

About 6,000 yean ago the dUen had been content to take advantage 
ofche soils of die river banln. Their irrigation, at best, was a system of 
levees to keep the river in check, with breaches in the earthworks to 
flood the adjacent fields when required. As they became more enter* 
prising, however, their network of canals spread away, and for considet* 
able distances fiom the river. In switching the water, they switched the 
sih as weU. In the course of the last 5,000 years an averse of 40 feet 
depth of salt was laid down over wide areas. It is obvious from the work 
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of the archaeological agronomiit* that only part ofihii tlepont. although 
a jubstantial part, wa* due to aevere floodi (like the one that drowned 

Ur). The lilt deponted in canal beds had to be dredged out and piled on 

the banks. When this dredged mod dried out it became wind-blowii 

dust which was spread over a wide area. Some of the abandoned canals 

can be accounted for by the 6ct that the dredgiiigs from other 
became moring sand dunes which choked the later watercourses. But 

by frr the greater proportion of the deposit was from irrigadon water, 
as it spread over the frelds. 

Another 6ctoc was that sedimentatioo. in the riven and canals, raised 

the level of the channel-beds. Tbis slowed down the Sow of the water 
so chat the silt settled more readily and inaeased the sedimentatson pro¬ 
cess; as the canals and rivers became shallower, the possibilioes of the 
flooding were increased. Levees were scoured by the rutho^ which 
^read the resultant silt and to depressions caused swamps. 

25 . WATSR AKD WAS 

In short, at has already been pointed out, when Man interferes with 

nature be has to maintain his mastery or nature regamt it The early 
Cillers merely trifled with the waters, but, at ihevill^es and die 
grew, the extensions of the irrigation systems in order to produce 
food meant massive int er f er enc e . The individual dlleri were now de¬ 
pendent on a water system which cenld only be mamninfd by a strong 
central authority and by public works which coold cany water nrr osi 
long distances, over ofren unwanted ‘uneconomic’ wastelands. They 
had to protect the waterways - because, in wars, the way to 
cripple an enemy was by bnaching the levees. 

Wan, however, were only incidents, contributory bocnotcoiH 

elusive. Writing of the Diyala region of Mesc^ocamia, Jacobsen and 
Adams drew this eonclusion; ‘By the middle of the twel& century, 
most of the Nahrwan region was already abandoned. Only a trickle of 
water passed down the upper secdon of the main canal to supply a few 
dying towns in the then hostile desert. Invading Mongol boesa^ under 
Kulagu Khan, who must have surveyed this devastated scene a century 
later, have been unjustly blamed for causing it ever since.’ 
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The Streams of Civilisation 

Tlte Nik. wfiidi crattiK* new doth frune 
Long Bhodenot, wbote wane spring* &om ibe due, 
Fairc bter, 6owiag from the mooocains hk. 

Uvine Sommder. pwpled fee with blood 
Of Gfeda and Tiojans whidt ihetein did die... 

71w Iktrk Qhw) by bomund 


I, FROM KOUASCBS TO MONARCH8 

Whet Metes founded the fuse Egyptian dynasty and the city of 
Mfy w pht* (iboue },tii 8.C.) and me^ed the cults of Osiris and Hocus 
and Upper and Lower Egypt, the nutciial source of his power was 
copper. With this metal he became a nonarcb instead of a nomarcb. 

Before then the nemrs or totemie villages ftdenttfying themsdvcs with 
the cults of the cat, the falcon, the ram, the wolf and so on) had 

existed as units under a governor (the nomard^ and had lived on and 
traded thei r sur^uses. Those of dw Delta had used malachite as a 
cosmetic for their eyes and had got it from the Sinai by barter with the 
desert hunters. Then, around Menes’s dme, some experimenting metak 
hirgist discovered that malachite was fusible and could be smelted into 
copper. The copper was a pardculatly hard variety, which did not need 
tin CO alloy it; so Egypt did not have a Bronte Age, and the copper 
weapons enabled Mena to impose the will of Upper Egypt on Lower 

Egypt- 

Mena was chief of the Falcon Clan. He took the precaotioa of 
mythologically identifying with Horus, the falcon-headed god 

and, by the diipensadons of mythology, Horm was identi£ed as the 
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»n of Osifu, who wai die gwi of the Nile, die soura of all it* fruitful- 

ness. 

Thus by creating a god-ldng ideadey, Mena held ta fief not only the 
lands of the Upper and Lower Nile but the farmer* as well, since the 
fertility of their fields depended on his god-like botmry. 

About this dine, too, another infiuaice had crept in. On the rocky 
wallsofdry wadis between the Nile and die Red Sea and on the combs 

of Hierakooopoli* (Hlcon City) can be seen pictures of sailiiig boats, of 
tecognisably Pernan Gulf types. On the tomb walk (ta the desert) they 
ace seen in naval battle with the reed boats of the Nile. That wm - 

is carved OB a knife handle found at Gebel-d-Arak at the Nile end of the 

cross-desert route firom the Red Sea. The ocher side of dut ivory carving 
depicts a figure whose dress is quite fordgp to Egypt bat whi^ has its 
prototype in a basalt stele fbtmd at Erech in Stuner. Comparative 
archaeology would therefore suggest that there was a with 

Mesopotamia which had some inHuence in communicating the civilisa¬ 
tion existing there to the Nile Valley dllen and, maybe, in inspirii^ the 
idea of the god-ldng dynasties. 


ftom Mcnes onwards, through thirty-one dynasties and over a period 
longer than that which divides Alexander the Great &om our present 
tune, %ypt was ruled by gotydngs and priests. The basts of dicir power 
like the bases of die pyramids rested four-square on the soil and derived 
from the edocts of the peasantry tilling the aUavial ar^i lt of die Nile and 
its delta. 

The surplus wealth which the sod yielded in the dupe of fbod<tops 
and fibre-crops maintained the priesthood, the craftsmen, die bureau¬ 
cracy, the army and the Pharaohs. Hiis wealth was so abundant (whether 
the peasants found it so is another matter) that by 2,700 B.C Zoset (like 
the oil-sbciks with th<»tr Cadillacs) had to find more more grandiose 
ways of disposing of it The god-longs of the first and second dynasties 
had been content with the nwiahas, tombs built to hold the aristocratic 
remains and all die food-vessels, wine-jars, hunting implements and 
other necessities of pharaonic Afrer-Life. But Zoser charged his doctor 
Imhotep K> build him a tomb commensurate with his wealda This was 
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the Hnt. or Step, Pynmui. sc Sakksn, on high groood overlookbg 
the dty of Memphu. 

Imhotep was mote than a great healer (which accounted foe hia 
deificatioD); he was also a great architect, tnatbematidan, astronomer 
and et^iDeer. In its final fonn. his pyramid was a massive structure rising 
in sax une^aal stages to a height of 304 fixe. Its base measurements were 
411 feet from east to west and 358 from north to soudL A mil^long wall 
33 fixe high soxrouoded its precincts. 

3. TBB CBB4T PYBAMID 

This pyramid was the beginning of that funerary grandeur which we 
identify with Egypt. It was surpassed in the fourth dynasty by that of 
Cheops. His Great Pyramid at Gia it 733 fiset square, tisis^ to a heigbe 
of 481 fecL It contains 1,300,000 blocks, each weighing, on an average. 
2^ tons. The blocks were quarried on the cast side of the Nile and were 
floated across on rafts during the flood season and then manhandled up 
a stone ramp on to the plateau 100 fixt above the river. The pyramid of 
Cheops demanded the labour of 100,000 men for 20 years. And into 
U went the ingenuity and astronomy of ceimiriies. The perimeter of the 
four sides has the same ratio to the he^hc as the ratio of the ciraim> 
fereoce to dx radius ofa circle. 

However much we may admire the pyramids today, they were, in 
th fir day, pieces of monomemal bombast, the xlf-glorification in stone 
of chose who were exploidng the fertility of the Nile. By prodigies of 
musclc-effi>rt. men quarried and moved these great bulks of stone widi 
little or no m<^rKa nifaT assistancc. They wenr out smd mined metals in 
the mpiimraioi of Sinai and Nubia, less fot the practical usa than for the 
»"««*ing of ornaments and fimeraries to the glory of the priests and kings. 
They took metals out of their geological tombs of narural rock, spetu 
laborious hours peifixting vessels and decorating them, and then buried 
them ^ain in the royal vaults of the pyramids of man-shaped rocks. 

In theory, die whole land bebnged to the Pharaoh. That which was 
consumable he kept in his granaries; that which was imperishable be 
kept in his treasuries. He took the products of rise soil and rocks and 
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asagned a subctantul share to his nobility and his priess. It is true that 
like die Pharaoh of Joseph's time he was supposed in hit diviac wisdom 
and practical stewardship to store the products of the &e yean to avoid 
the Amines of the lean years. 

Tim Pharaohs not oiJy comtollcd d>c bodies of their people but also 
their sods. When Menes became the Erst gocMdng be did it by swallow¬ 
ing up the totemistic clans, in which the sod of the individual had been 

identified with the animal which was the totem ofhis dan. $0 a Pharaoh 

could convince them that by ensuring his inunorialicy, in the mag¬ 
nificence of his tomb, they were safeguuding thdr own sdves as wdL 

As H. G. Wells has pennted out in The Oudme of Histofy, "These 
unmeaning sepulchral ^les of almost incxediUe vastness, erected in an 
age when engineering idence bad scarcely begun, exhawted the 
resource of ^ypt... and lefi her wasted as if by war.' 

3 . SLAVBS IN BCTFt’s NIOHT 

With greater food-yields and widi greater security fitun purely tribal 
conflicts, the population increased. But, as in aO urban dviUsatsons, 
there were the contagions and infections of closely setfled communities 
which in part restrain the popdatioa increase. 

In an age of manual culcivatioB there had always to be an 
peasant labour-force on the land As in later feudal dmes in Europe, 
there was a limit to the mobilisadoos for military or state woric vdxich 
withdrew the dllets firom producing food. Theiefore the only way in 
which dm woek-fbree oflabourers, craftsmen and, indeed, clerks, could 
carry out the Pharaoh's grandiose schemes and proclaim his 
wealth was by a system of slavery. This meant wars and foreign adven¬ 
tures. (The sojourn of the Cluldtcn of Israd in ‘Egypt's night’ was only 
one instance of die sul:^iq(aaon and transplanting of net^ibouring 
peoples.) Foreign advesstures also brought new riches in dse discovery 
of new metals and new crafts; new spica and new cosmetics, exotic 
foods and fabrics; and rare woods. But they also reminded odiet peoples 
that ^ypt had desirable wealth itself and encouraged diem CO reciprocal 
conquests. 
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In the ebb and flow of soch wars through the Ferdk Crescent the 
stal^cy of agriculture was periodically u n de rm i n ed. If populadont 
were carried off) or killed oC systems of irrigation and conservation fell 
into decay, and disease and hunger followed neglect. Even in the 
victorious countries, success imposed a burden on the farming economy. 
Slaves engaged on public wotb (like the 100.000 continuously employed 
on the Great Pyramid had to be f^ and the soil which had CO feed them 
was restricted within the valley of the Nile, since desert agriculture was 
no feature of Egypt even at the height of its enterprise. In many cases, 
the slaves were better fed dsan the peasants who supplied the proviaons. 

For instance, we find King Seti I recording dut be provided each of the 

labourers employed on building a temple with ‘4 lb. of 
bread, 2 bundles of vq^cabtes and a toast of meat daily, and a 6csh 
linen garment twke a month’. 

4. TBB IMDUS CIVILISATION 

Over an area foot rtmei that of Mesopotamian Sumer prevailed the 
Indus Qvilisation of 3,000 E.C. It was bounded on the west by the 
mountaim ofBaluchiscan and Waririsan, on the north by the Himabyas 
and 00 dse east by the That Desert. The artificial world which was 
created here was just as imposing as thoae of Mesopotamia and Egypt. 
Cifi ft have been uneaithed which were just as la^ u those of the 
Euphrates or the Nile. Usey were built kiln-fired, as distinct from 
sun-dried, bricks, and this presumes the availability of fiiel on a vast 
in an area which is now undudnguished by trees. The ruins of 
Mohenjo-Daro is the Sind covet at least a square mile. Before the rail¬ 
way builders got busy and used the bricks of Harappa, 400 miles north 
of Mobenjo-Dato, at baUast for the tracks, this Bronze Age caty had a 
circumfecence of two and a half miles. 

Th^ ritifs were inimdated by successive floods - those dduges 
which the early ancients never tuce^uDy mastered. After each flooding 
dse lower storeys of the bouses were filled with rubble to provide the 
solid foundations for the resurgent cities so that whole quartets now rest 
00 artificial platforms over 20 feet hi^ 
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Indus odes were luppocted. like the otiienmEgypt and 

by the surpluses of an industrious peasantry coltiTat^ graixu 
sim ila r to those of Mesopotania but wids the addition of rice: and their 
domesticated animals almost certainly the sebo (dte 

'Brahmin ox’, with its hump) and they are brikved to have 
elephants. The camel and the ass had not reached th^n from die Asian 
steppe lands. 

The Indus potten had the spinning wheel; die smiths alloyed tin 
with copper to make brass into bronze. TIk weaven wodeed cotton 
but not wool or flax. The potten discoTcred tUtU in 

their pots and vases. Their craftsmen’s took are quite different > even 
the axes, saws, daggen and spcaiheads-&om dwse of the other dvilisa- 
Qons and show an ind^enous growth and separate evoludon. 

They had cans with solid uheeh and they had boats to move their 
goods around. They had exiemal trade - external, that it, to the dties - 
by which diey obtained their taw materials. Ihey got their deodar &om 
die distant Hiittalayat; their copper &om Rajputana and tin, gold and 
lapis lazuli &om countria beyond the borden of die suh-condneot of 
India. 


5. CITY GOVSXNMBNT 

Municipal authority was well-established in the Indus civilisadoo. 
The streets were broad and well-planned, with obvious town-planning 
rescriedom on sporadic building. There was no obvious royal house not 
grandiose templo^odecy. At Harappa the biggest building is a com¬ 
munal granary, and at Mohenjo-Dato there was a huge building but it 
gives no signs of having been other than a conunutucy^aitre with a 
bitumen-lined public bath. Houses testify to ‘class disdncticmi*, both in 
t brif size and in the ornaments found, but they are soggesdve rather of 
the crafti^uild merchant economy of the Middle Ages than of a ruling 
nobility. 

Most impressive are the systems of drains. Always, when one cotutden 
the growth of does one thinks of die proUenis ofsaoitadoo and of con¬ 
tagions. Here, 5,000 yean ago, was a health-conscious pec^le. So much 
so that the remains of the water-booths, where drinking water was sold, 
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indude huge spoil-heaps of broken cups, far in excess of the casualties 
of (he most cardess dishwadien and strongly su^csdTc dsat there were 
sauitary kws which compelled the breaking of these rough cups. When 
someone bought a drink of water, the cup was thrown away like the 
paper cups of today. 



Pictographic leal impretdons fton the lodai Valley showing sedpe 
above du figures (»ioo sue.) 


Here were the sociecies &om which emerged early literacy - a oon- 
veodotul script and a numerical system. The script was pictogtaphic but 
imlilce that of dse civilisadoos which were its nearest oe^hbours, Sumer 
and proto-Elatn. That they had arrived at tnachemadcs and science is 
manifest in their decoradotu - squares and circles; squares in circles; and 
drdes intersectu^ with compass-dnwn precision. 

The illustrative material still surviving strongly, indeed inescapably, 
suggests rites and deides which persst in the praetkes of modem 
Hifiduism. and the &shions of dress m contemporary India ate fore¬ 
shadowed in the pre-histocic art of Indus. 

Some catastrophe overtook those dries of the Indus, but there is no 
doubt of their cultural achievements or tnriuenoe. And there is always 
the question as to whether, after the deluge which overlaid early Ur widi 
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ei^t feet of riJt, the later Sumerians nuy not have been immigfantf 
from Imhas. 

6. THB HWAHCaO AND TANCTSB CIVILISATIONS 

With the remains of Peking Man to remind us that the ancestral 
creatures of Homo tapims had appeared that early m the Far it is a 

plausible argument that a eoUat^ branch of the human race developed 
there and diat from it derived diSerentiated coltures. Certainly at a dme 
when the familiar Middle Batfi»rn rmmK drytlTf ing, mother 

quite distioct culture was ^reading out from what b now die dry and 
desolate valley of the Tarim, heyo^ the Pamirs, and in cwodirecrioas 
down the Rivet Hwang*ho and down the River Yangtse. 

In the Eastern Stone Age. the people of Honan and Manchuria wete 
already living in villages and had domesticated the pig. They used axa 
and stone knives and arrowheads of slate, bone and mussel^shell. They 
had developed spinning and weaving and had a pottery of the painted 
type which might suggest links with the cultures fartber to the west. 

There need not have been thu link; when we are talking in terms of 
thousands of yean, inventions can be spontaneous and their resemblances 
are purely coincidental. But there b a likelihood of a fusion, in f*tiint , 
of two prehistoric cultural movements, one from the north and one 
from die south. It b also possible that a stream of Iranian culture may 
have flowed east> and northwards and nude its contributioa to the 
migration into the Americas. 

One interesring Cature in the Otinese development was the evidence 
ehat they used knotted strings as their records, before the evolution of a 
written langu^. These string 'ledgers' reappear, as we shall see, 
thousands of years later as the ^pus of the Incas. Thu mi^ be just a 
coincidence - a spontaneous invention in Peru - but h b just as likely 
to be a throw-back to the Asian ancestry of the Amerindians. 

In the third millennium B.C.. according to Chinese legend, there were 
the Five Kings. If we accept chetn, then, of comse, there must have been 
a cohesive culture of which they were the overlords. But in die l^ends 
they are such exemplary beings that one suspects chat they are na 
example of the wbhful fhmkmg m which people indulge when they are 
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groping in die miso of tbor Dawn History • like the BricUb fin<^ing 
tK«r superman in Arditir. 

The dynasties which came later than these Five Emperon have cer¬ 
tainly monhistocical substance. To begin with, China, like Somer and 
Egypt, was aland ofdty-isolatcs. The government was at 6rst a conunots- 
wealth of numeious kings who finally acknowledged a central emperor. 
The great dynasties of the feudal period were Shang (1,750-1,125 B.C.) 
and Qiou (1,125-250 a.a}. The bronze vends of the early Shang period 
are proof enough that before chat Cluna had arrived at a high state of 
cultDte. 

The unity which China possessed under the Shang dynasty was prob¬ 
ably produced by the common threat to all the seeded peoples of fJitna 
from the pressures of the vigorous nomads of the Mongolian steppes. 
It had also a rehgious sanction, for the Emperor, as the 'Son of Heaven’, 
became a priest-king for aQ dK Cbincae. 

This was the China which had already domesttcaced the pig, developed 
the spoked wheel fiw chariots and established the oldest system of roads 
we ksMW in the world. The Shang dynasty had its highway com¬ 
missioners. Tetncmg, land-conservadon and irrigation were already 
well advanced 3,500 yean ago. Confinnadon of this and of the fiscc that 
die Chinese had become boa>bui]den and intrepid maiinen comes 
from Luzon in the Philippines, where the wonderful system of rio^ 
terraces, covering an area of 250 square miles, is even by present-day 
standards a remarkable fmt of engineering. They were fine built by 
immigrants from China in the second millennium nc. 

7. TBB OIIAT WALL 02 CBtMA 

A popular revolt, with support &om the wilder tribes of the south¬ 
west, replaced the Shang dynasty by die Chou emperors. The imperial 
ties were loose and between the eighth and fourth centuries nc. there 
were between 5,000 and 6,000 sm^ states in the Hwang-bo and die 
Yangtsc valleys with about a dozen feudal princes, no minall y answer- 
able CO cbe emperor but incessandy warring between themselves with the 
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Hydro-clcetric powcrhoiijc. Kctuano, Britiih Colurabu being excavated out of solid 
rock, a quarter of a mile inside Mount DuBose 


Aztec pyramid of Tciuyuca, Mexico 



















Tue Past Beneath the Sea 

A skin diver, exploring drovrncd city, tccovcn a pi«c of Greek ampliora 


Thb Future Beneath 
THE Sea 

The U.S. nudear-powered 
submarine NaatilitSt recuming 
from her $.oo^mik voyage 
under the North Pole fore¬ 
runner of tubincrged drcun>- 
oairi^tor 
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war-loids of the one valley joining fbrca against those of the other 
valley. From this emerged the confedetation of the nords, which under 
Chow-iiang became die Tsin (or Ch'u^ dynasty, from which China 
takes its name. His great-grandson rul^ ovei an empire pracdcally 
idendcal widi modem China. It was he who built die Great Wall of 
China which extends for i,$oo miles aloi^ what was the northern 
frondec ofhis empire. Its western end was, and is, in the deserts of Centxd 
Asia and its eastern end at the sea to the north-east of Peking. It is 
caiiied over mountain and valley, reaching in one place a height of over 
5,000 feet above the sea. The actual bci^ of tbeWall, ifurl«»<iin g the 
parapet, is about 6fty feet. This tremerxlous undertaking must have 
involved a diversioa of peasant labour, or an acquiddon of slaves as 
great as, or greater than, that for the building of the Egyptian pynmids. 

During the Chou dynasty dietc emerged the period of the great 
philosopben - Lao-tse, Confucius and Mencias. From those days dates 
the Chinese rapect for learning, which has always given the scholar a 
special place in die social hierarchy. The Htcratore of that period - over 
a,500 years^o-shows texnatkable insighc into the funedomand the 
care of the human body, and a system of medicine and of medical ethics 
much more advanced than one finds in many areas of out present-day 
world. 


8. APBICAtr CIVILISATION 

Around 3,000 B.C. the inhabitants of the condnenc of Africa seem to 
have become difierendated into many races and cultures. E^ecial 
interest lies in the great variety and the genuine ardsdc merit of the 
ancient rock paintings wbidi are widdy distributed in cave shelters 
throughout the tropical forest bek as well as in the Saharan, Rhodesian 
and South African regions. 

from there on, however, almost to die present dme. the history of 
indigenous cultures becomes blurred and misleading. The trouble has 
been that prehistorians have been so preoccupied in revealing the andenc 
r>rig in< of Man in Africa that they have ne^ected the intermediate 
period. A n oth er reason for our vagueness about ‘Black Afiica’ is that, in 
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tropical ronst laads, wood is the smictural and aitistic materiaL It has 
not the permanence of stone or brick and, when it rots, the cultural 
erideace b lost 

Moreover, we apply 'Alncan' more arbitrarily than we apply 
’Enropean' or ‘Asian’ because we accept the pronounced diaiactertstics 
of the Negro and lorget that Africa also indades that part of the 
conooent north of the Sahara which produced the Egyptian and, later, 
the Caith^inian dvUisatioia. Because we ate stiD mentally hampered 
by the 'Darkest Afnca’ concept, which derives from nineteenth-century 
explorers (Livingstone, Stanley, etc.), we forget that there was a rliffiionn 
of cultures within the coutineat and, according to some iisdicatioos, 
between Africa and the Polynesian Islands. 

And there arc still unresolved confusioiu about the Hamidc and 
Semitic rdarionshipt with the Bantu. It seems certain that die origisul 
Hamitic people spread over North Afnca in an early epoch and inter¬ 
mingled with the Negroes. In other regions, having secured their 
fuprenucy, the Hamites maintained their superiority over the Bantu 
and establithcd kingdoms in Ruanda Uruxtdi and in Uganda. The entry 
of the Semites b equally vaguely dated, but theu- migration into what u 
now Ethiopia was at its pe^ about 500 8.C. Over 1,000 yean later, the 
Semites, in the form of the Anbt bringing Mohammedanum, spread a 
profound influence over north and east Afnca. 

There u a missing cultural link in Africa south of the Sahara, associated 
with the assumption (which has been fostered by racism) that ‘blade 
Africa* st^nated until changes were triggered off by European in¬ 
fluences. What b true b that, leaving out the dfocts of slavery which is 
esdnuted to have robbed A6ica of 100,000,000 people, the ill effects of 
modem influences wece exaggerated in Africa because there bad, in 
general, been no systematic emergence from the honcuig-food-gatbering 
stage, through the food^owing stage, to the collective community. 
Society continued ttibal, bunting or pastoral, and in restrictive balance 
with nature. But the reproachful gaps in African history may gradually 
be filled by such things as the proper interpretadon of the Sahuan rock 
p a inting s in which the whed^ plough appears alongside the giraffe - 
in an arid regsoti svhccc the giraflle d^ not now exist. 
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9. KON-KIVBKINB CIVILISATIONS 

Contemporarily »that is, plus or minus centuries - with the growth 
of the riUer^vilisadoni • the dries which grew from the cultivation of 
the land - there arose di&rent types of community in other parts. One 
might call them armed trading centres. For example, in the inouniams 
of Asia Minor the land did not lend itself to die kind of extensive culti- 
varion from which the urban dvilisarions grew in the alluvial 
But there had been eariier Neolithic communities there, self^uiBcient as 
to food, but also with access to taw materials, to metals, etc., and they 
had become communities. As a result of one activicy or another, new 
centres ofdvilUation arose on these 'barbarian' Wa ti on s And, of coune. 
each of these Bronze Age townships became itself a new centK of 
demand which made impact on a widesiing hinterland. Urban arts and 
crafts were superimposed on the Neolithic mountain cultures but did 
not obliterate them. The cultures were adapearions of the g»icring 
environment and different from those of the alluvial valleys and (anotbet 
variarion) cities along the coast of the Mediterranean and the Persian 
Gulf developed into ports. 

10. BYBIOS 

On the Syrian coast, for instance, there grew up Byblos, which Sir 
Julian Huxley contends is the oldest continuously inhabited town in the 
world, &om remote history to the present day. There, at the present 
rime, is to be found the evidence of settlements well before 3,000 B.C. 
Before the Egyptian galleys came across the 'inhospitable* sea over 
5,000 years ago, Byblos had already existed for centuries as a community 
of hshers and &nnen who cultivated olive trees as well as barley, and 
bred goats and sheep. Byblos was the best port for die Lebanon lumber 
trade. The woods from (he fbreso - cedar and fir - were floated along 
the coasts on great rafts to supply woodless Egypt. 

Before Byblos became virtually an outpost of Egypt, it bad already 
exerted powerful influence as the chief oencre on the Phoenician coast 
of the cult of Ascarte and Adonis. Astarte was the patron goddess of 
ByUos while Afqa was sacred to Adonis. The Iq^d of the two 
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divinities is £uailiar. Adonis, the youthful masculine god who originally 
spcang from a tree, was loved by Astarte. He went off to the hunt and 
was killed by a wild boar, and the cult depends on the lamentations of 
the goddess who eventually secured his release from the underworld. 
With the legend went an elaborate ritual. The cuk. of course, is a variant 
of the legends and magic which one finds in all pacts of die world 
dethrii^ from the agricultural mysticism of Neobthic times. Astarte is 
the motherogoddeB symbolising the fertility of nature. Adonis bom of 
a tree is the mateuline principle needed to fertilise the feminine element, 
but be u also the crop which withers in the summer but grows out of 
the dark soil again in die spring, h a way, his being killed by a wild 
boar exemplifies the struggle between the food-gatherer and animal 
nature. 

On the site of the original temple of the local dcides was built a great 
monumental temple by the Egyptians. It measured over 90 x dj fret 
of licbly adorned and solid masonry. The Pharaohs sent to the shrine 
stooe vases and other o^rengs inscribed with their names. Egyptian 
ambasudors, officials, derks and merchants {requenced the temple. The 
native derb were sent to be trained in Egypt in hieroglyphic writing 
and, in exchange for (he cedan of Lebanon and olives and dyes, fiyblos 
received, and accepted, the elemoics of Egypetan civilisation, manu¬ 
factured aitides and com as well as writing. (We mutt remember that 
‘Bybios' gave us the word foe Bible, or book. This reminds us alto that 
all the elements of writing in face came to us from the Middle East - 
pens, ink and paper - the last term being derived from pepynu. Byblot, 
for the Grecb. was the source for diis paper and the origin of the rolls 
which became our boob.) 


II. CYPSUS 

In the same way Cyprus gave us our word for 'copper'. The wealth 
of metal cools in the Bronxe Age tombs of the island shows that spectalist 
minen and sinida existed then. But neither pottery nor any other craft 
had appaicndy come into local being. Nor are there any foreign craft- 
pieces in the tombs to indicate that they got finished goods in tecum for 
the crude ingots or ore which they exported. 
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U. CIBTB 

The Neolithic farmers and fUhen of Crete were joined about 3.000 
8.C. by refugees from the Nile Delta, and fresh colonists from Syria, 
bringing with them some of the technical and artistic traditions of 
Egypt and Asia. In this way they acquired the culdvatioa of ohves and 
in retum they traded the advantages of the exploitation of dsc island’s 
natural resources in timber, copper and shells for dyes; they were pro* 
ducing an exponable'surplus. The island's geographical posidon 
between Egypt, Asia and the mainland of Greece and its supplies of 
timber frr shipbuilding esuNed Crete to become a trading nadon. Ti t tle 
townships arose even on dny islets which themselves were desdtute of 
land CD support a local culdvatkm. So they were essentially crafr town¬ 
ships. Craftsmen, traders and sea-captains became rich enough to acquire 
ornaments and to create a wealth but there is no evidence in early Crete 
of an aggregation of wealth. CoUeedve tombs were crowd^ with 
skeletons and quite richly frimished, but they were the communal bury¬ 
ing places of the clans and not nKiely of a nobility. Stone and 

obd^n knives were still used side by si^ wida metal tools and weapons. 

But they were depeisdent on trade. And the MiiKiaa dvilisadon was 
based on trade. 


13. TBOY 

Farther north the little islands scattered in the belt across the A^ean 
had nothing to olfer farmers but they possessed marketable resources of 
copper, of emery, obsidian and marble, wlucb could be quarried or 
mined and exchanged for fbodstuffi. So. even in 3,000 V.C, they were 
thickly populated by people who worked metals. From the evidenoe of 
their graves they probably bad a secondary trade - pixacy. They bad dis¬ 
covert not only the secrets of commerce and industry but of making a 
livmg by stealing from the cities with a surplus wealth. 

Some of these dtics acquired wealth purely by piratical commerce 
under leadership o£ military chiefi. The dty of Troy made famou by 
the epia of Homer began as a fortified hamlet or dcadel barely one and 
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a kilf acres in area. It was tiominated by the chiet’s fbet. In ome it 
expanded dll what the archaeologists call ‘Troy D* covered nearly two 
acres. By now its acquired wealth had attracted to the chieftain’s coart 
potters and goldsmiths trained in the Asian schools and skilled in fil^ree 
work. Trade and plunder secured for Troy supplies of copper, tin, lead, 
silver, gold and obsidian, as well as manii&ctured luxuries. This wealth 
was maniiotly concentrated b the personal treasury ofa petty war chief. 

14. SBA-6OIMC CIVILISATION 

Thus on the Levantine coast and in the mountains of Alla Minor there 
developed communities like Troy which had a difierent character from 
those which had grown basically agriculture. They were either 
mining or ctaft coiTununides widsout adequate cultivation to support a 
growing populadon. Therefore they became war-like adventuren or 
sea-tradm. The peasants of Macedonia, mainland Greece and the 
Danube area began to be joined by Asians and islanders already accas- 
tomed to metal toob and weapons. All around the eastern Mediter¬ 
ranean macidme cultures arose in which the tuhsistence economy of 
baxbatbm was tempered by industnaiised specialisation and commerce. 
In their special chancter they built up new tradidosu of seamanship and 
geographical lore and transmitted to the developed civilisations know¬ 
ledge of new l«nd« , mat fr iab and techniques. These communides then 
serred in their turn as tsew centres from which civilised ideas were 
difriised westward and northward. East Mediterranean manufactures 
were transported as & west as Sicily and Malta. They also exported thdr 
religious culls as weU. 

15. SUPBESTITIONS FOK BXFOKT 

Professor Gordon Childe has suggested that it was the export of 
supetiddoo and ritual from the Mid^ East which induced the peoples 
of other parts to become the primary producers for the Eastern Mediter¬ 
ranean. He points out that in Sardinia, south-eastern Spain and Portugal 
they mined and smelted local ores of copper, salver and lead, and they 
built tombs mote or less on the same gesaeral plan as those used farther 
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ease. But there bliitle evidence that they acquired very much in the way 
of materialt in return. SciO farther ah^ the great &mily vaults 
like the barrows and chambered cainu of Britain are scattered along the 
Atlantic coast of Portugal, France and the British Isles, and across the 
North Sea, in Detunark and southern Sweden, and they are regarded by 
one school of archaeologists as clumsy attempts to copy the Spanish, 
Su-itian uid Cretan funerary ardsitecture and to refiect, at seooisd hand, 
as it were, (he beliefs of the Levant 

In centra] and north-western Snrope the contacts with the traders had 
introduced primitive sodeties to superior weapons. The possession of 
these weapons had in turn created a ruling class which could oppress the 
peasantry and compel it to produce surpluses. Use necessary technical 
knowledge for the development of arms of this kind reached central 
Europe, via the Danube, from Troy and probably came to Britain from 
Spain. Hungary and Cxechoslovakia, Ireland and Comvnll could supply 
tlU copper and tin which was needed and the cradmg links extended into 
Oeiunsik, northern Germany and southern Sweden. A tegular trade 
in metal linked op the whole of central Europe from upper Italy to the 
Hartx Mountains and from the Vistula to the Rhine. With trade went 
piracy and the power of armed men to impress their will upon the 
agricultural populations. The contact alto introduced the sea-going 
peoples toot^ and bettefoflfcountries than tbeic own. This, of course, 
is the story of the Scandiiuvian Vikings. 

The irony of this ‘commercial imperialism’ was that presently the 
barbaric people to whom the Middle Ease bad introduced these re&ne- 
ments of armaments themselves began to press upon the dvdised world. 

The age-old struggle between the nomads, the Sons of Abel, and the 
tiUen, t^ Soot of Cain, was now exaggerated by the pressures of the 
tnetal-worldng Wfbariam on the communities which bad acquired 
wealth and culture from the cultivation of the soil. 

At this point at the essd of what u called *The Bronze Age’ we leave 
what u cdled the ‘Old World’ to ask ourselva how old, in fact, the 
‘New World' is. 



'Out £ot the Pyrainkb no tcMon bu ever been given 
•deqoatc (o the coK and labour of (he wwk. ‘Ibe 
narrowneai of the cfaamben prove* that i( coold afford 
tao retreat from cneauea. and ticainrca might have been 
rcpoaitedatfarlesexpetuewith equal accudty. Iticctm 
to have been erected only in complaance with iliac 
hunger of imaginarinn which preyi ineeatandy upon 
life, and oiuit be always appealed by aome employment. 

Thoae who have already all that they can e^joy, muat 
enlarge tbdr defires. He that lua built for me, tiQ uae b 
tuppUed, must begin to build for vudey... 

JUdcfer, fVirKt4r.d>ysrAiubyiAMUBL JOHMSON 

I. TUB AMBBIKDIAMS 

Piddng ap the threads of the stories of the tncas to the licetiture 
which we call ‘history* is like reading a ma gavine in a barber’s shop. The 
last insealmeoe u there hut the previous issues are missing astd the 
synopsis is very vague. The scene is already set in all the magnificcnoe 
which excited the greed and envy of the Conqumadores but. in the 
absence of the back numben. it u obvious that this wealth is only the 
superficial manilestation of a civilisation deep-rooted in the past. 

The characters are also confusing because the ‘heroes’ ate the villaim 
and the ‘villains’ are the heroa; Pizarro, the European, whose warrior- 
courage we are cs^ected to admire, b a ruffian compared with the Inca, 
Atahuallpa, die living Sun God. The tragedy b wrought to its brutal 
conclusion and we are left speculating, even at thb day. about an 
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lodian culnire ofwhidi die Incas were a late fu lf i lmen t. 

Iw the rest of the story we have to go to the archaeologists, still 
groping for the does which the Incas themselves deliberately smudged. 
Tbm is no written record of any stage of the Pan-Pciuvian Indian 
culture except that of the Incas gathered by the conquering Spaniards 
from observation and hearsay. Yet the Inca phase, which extended 
geograpbkaUy over Bcuador, Peru, Bolivia and the north parts of 
Argcntiae and Chile, lasted only 300 years. The Incas dvemselves had 
not, in our sense, a written language. There were no ‘talking stones’ 
such as the Mayas had in the Yucatan or ptetograpbs like the Aztea’. To 
mainnin (bcic divine origin and to prove that civilisation began with 
the Incas had deUberately suppressed the spoken tradicioo and 
consigned xbat ptedccesson to the oblivion which they themselves 
mi^t have sufre^ but for the industrious Spanish clerks, who in their 
le^^ of loot added thdr footnotes on a people. 

Only the artifacts of the pre>Incas‘ cultures can help us and they are 
eloquent in their testimony of the skills and ingenui cy to which the Incas 
themselves were the heirs. Ihbrics, unexcelled in tbeii desgn and 
methods ^waving, have survived for untold centuries in the tombs, 
wbete dK dry dlimate has preserved them. Excellent craftsmen, in that 
hid den past, made decorated pottery without the help of a potter’s wheel 
and produced omameacs in gold and silver and copper, and master¬ 
pieces of masonry. But even the records of the tombs and the buxied 
remains of their material culture tantalise the seekers, for they give litdc 
help in dating. There are no ealendan or coins, no parameters of tinte 
by whids the various epochs can be surely 6xed. There are the qmpus, 
the kxMt-string record^ but they are mcanin^css without the pro- 
frtciiwal ‘rememberers’ to whom done Aey were meaningful - like the 
secretary who makes herself indapeusabte becaus e she alone knows the 
hlixig system! Perhaps with the hdp of carbon 14 we may get a more 
systematic time-ftppnisaL 


a. PAK-AMBSICAN PANTBT 

But before we go bade and try to trace the or^hx cultuial 
evolution of die American Indian, let us remind oucsetves once again 
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dut all dviluadons derive &om agriculture and that more fhan Wf the 
foodt the world eats today was first cultivated by the Tndian« of the 
Andes. Prom that regioa came maize, in twenty varieties: poutocs in 
two hundred varietie; sweet potatoes; yams; squash; many types of 
bean; maniocs; peanuts; cashews; pineapples; chocolate; avocados; 
tomatoes; peppen; papaya; strawberries and blackberries. Some of 
these may seem surprising because they have been domesticated for so 
long or have run wild in other parts of die world dut we forget 
American origin. Yet it is not r^y strange dut the lands of the west 
coast of South America should have been the plant nursery for most of 
the world. Latitude is compensated for by altitude. Hut b to say, 
climatic conditions vary from the torrid lowlands to the high cold 
slopes and plateaux of the Andes, to that the plants at varying ^rintdes 
could be acclimariaed in countries of difierent latitudes. The universality 
of the potato b an example. In Peru potatoes grow, in dificring varieties, 
from the bUstering coastal lands to as high as 15,000 &et. Thus, in terms 
of temperature-adaptation, they can be grown in countries from the 
Equator to the Arctic. 

3. TANCIBO TBRBAD O? COTTOH 

Cotton b one of the world's great mysteries - parricutarly South 
American cotton. Cotton did not enter the Mediterranean until the fifth 
century B.C. The first authentic proof of its use in Egypt b 370 b.c. Before 
this it had been known to the Assyrians as 'tree-wool' but the Baby¬ 
lonian and early Greek names disclose an Indus origin, llus b confirmed 
by the discovery at Mohenjo-Daro (2,500 to 1,500 B.c) of a cultivated 
species for which diere has never been found an Indus Valley wild 
species. Yet its precursors, in die wild state, ate found in Afiica and 
southern Arabia. Here die question arises, was the cultivated cotton 
taken from the Arabian Peninsula into the Indus Valley long before 
2,500 B.C.? But, when we cum to the South American cotton, we are 
confronted with a natural le^rdemain' which completdy baffles the 
{dant-detectives. There, in Peruvian graves, which, with all the im¬ 
perfections of daring, cannot be younger than 2,000 B.C, have survived 
beautifully woven &bries from cotton fibres of highly advanced culti- 
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vadon. But - aiul tbit it the aurl in the tkeui of cotton • there is every 
resJon to beiieve that this was cotton of Asian origin - cotton which in 
in basic fonn bad gone &om west to east ^nto Assetica) and later, in 
in tetrapkiidal form (which means that in basic number of chromo¬ 
somes had been doablcd) had recrossed the Pacific into Asia. This 
leverse kascdcnd is bewildering, yet one gatben fiom the experts, in¬ 
escapable. But bow? 

Hie gUb answer would be ‘Birds'. Apart, however, firom the distances 
involved, birds do not eat Cessyptwn seeds-seeds of cotton. Nor could 
die winds have carried them over 3,000 miles. The other strange posri- 
bilicy, which exceeds even the im^ination of Heyerdahl s Koa-Tild, 
with in rafi «wlfnwit of Polynesia by South American Indians, is chat 
some ancestral men migrated fiom Asia into South Americ a with the 
ekmentary form of eotton and then, many diousands of yean later, 
other intcr-hemisphetic nomads moved back again to the Old World 
with the sophisocued tecraploidal form. It strains the imagination but 
it is anybody’s guess. 


4. CONTIKBNTS ADRIFT 

Hiis raises the whole question of Man’s settlement of the Western 
Hemispbere; and, indeed, of the origins of the Americas. No one today 
li^ttly as might have been done even a generation ago, die 

Wegener Theory of Condnental Drift. It has been tescored to respecta- 
bilicy, if not to complete acceptance, by cbe studies of rock magnetism. 

The Theory of Continental Drift, propounded by Professor Wegener 
in 1913, implies due die land-mass was once coherent - a vast island - 
and chat it broke up. The ftagmoncs became, as it were, rafts of sial (the 
uppermost layer of the earth's aust) Boating on the heavier underlying 
uma (die layer). Wegener’s idea had at least a superficial plausi¬ 
bility to anyone who looked at a map. 

If, bearing in mind we are dealing widi a globe and not a flat Mercator 
projecdon, we fret out the outlines of the coodnencs, we will find that 
some of them fit very neatly together, like the pieces of ajigsaw puzzle. 
For the bdge of Brazil fits widi great exactness into the Gulf 

of Guinea in the continent of Africa. Fitting the Nordi American con- 
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tinent back into Europe u not quite so simple. But Wegener 
with reasonable Jusdficaoon, that tbe break-up had h r**" bke that of an 
ice field in which die floes would not only separate but would also be 
likely to swii^. If one accepts that, then one might agree that the 
positions of the Spanish Peninsula and Newlbundland might have been 
sufiSdendy distorted to explain the diflSculdes of making them fit. In 
the Arctic, however, the Canadian archipelago. Greenland and Spits¬ 
bergen are all pretty consiscent widi the idea of land-floes breaking up. 
Moreover, if one extends the Caledonian formation of the Scotch 
Grampans and of Wales, one finds a plausible «)oformicy with the 
Appalachians in the United States. 

In the east and south the fitting togedicr becomes even more in- 
ttiguing. If Madagascar is tucked back dotely to the continent of Africa, 
and we assume that Australia twisted away, the Australian Bight can be 
made consistent with the configurations of South Afiica. But even when 
we 'tighten up' India, Indonesia and the rest, there is soil a gap - a 
missing piece where the Indian Ocean b. If however, one regards the 
Scotia Arc (die Falkland Islands and the South Shetland Islands) stxetch- 
ii^ fiom the tip of South America to Antarcdca, as a hinge, then the 
Antarctic condneot can be swung, very nicely, thank you, into the gap. 

Perhaps h was because the jigsaw seemed so simple, so unsdenrific, 
that die Wegener theory, in spite of the professor's ceputadon, was not 
treated with as much respect as it might have been. It has been the 
subject of debate and indeed division for a great many yean. But tecent 
developments in the study of tock-magnedsm have lent very influmrial 
si^ott to the theory. 


5, TBI WANOBklNC POLE 

When sedimentary rocks have been laid down in the various epochs 
of various geological time, the ferrous crystals in the rocks were 
orientated towards the poles > the crystals became like magnetic needles. 
The study of diese compass-ptHAters in the rocks over the past few years 
has produced surprising results. In successive layets, in die rodcs, the 
crystals have changed their direction. By plottixig these directions it u 
possible to determine where the tocb were in relation to the magnetic 
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poles when the rodcs were bid down. Judging by the results, however, 
dve Doxtb nugnedc pole, foe instance, must have migtated from some¬ 
where in the r^jon of where Japnn is at the moment to its present 
position somewhete in the region of the Prince of Wales Islands, north 
of the f*-anailian munland. By the same token, from rocks in the 
southern hemisphere, the south magnetic pole must have been a vagrant 
also. 

To st^gest that the magnetic poles have shifted might also imply that 
die geographic poles have shifted - that is, that the axis of the eardi itself 
has vai^ That b much mote unlikely dran the altcmarivc, which 
would support die Wegener theory, diat the crust of the earth itself has 
changed in rdadon to the poles. That crust, the skin of the earth's 
sutfiiee, whether intaa or rifted, rou« have moved, »that it was the 
laad-masses and not the poles wbkh were cxeejwg around. Since the 
sun must have remained constant in relation to the equator, thu idea of 
movement would give a consbtent explanation to the prevailing 
mysccoes of how you can get coal from primeval tropical forests in 
Ellesmere Island in^ Arctic. Coal deposits occur similarly in Antarctica. 


The Drift nseory also provides a rational explanation of 

the mountain systems of western North America, Central America and 
South America - the Rockies, the Sierras and the Andes. Those great 


upthrust ranges could in fret be the bow-waves of the mI pushing 
against the resistance of die sima. And the theory b also very accommo¬ 
dating when it comes to problems of the diHusion of plant and a nim al 
i pffifT . and botanists have always bad to look £)r 'land- 

bribes' to account for the diversificatioo and similarities of plants and 
creatures widely separated. It would, for example, account for the 
diilerentLation of the animals in Australia - the marsupials, which 


devebed there apparently after die conttnent was separated from Asia 
and Africa. It mi^t even account for the presence of elemental cotton 
in Soudi America. Unfortunately it does not solve the further riddle of 
bow chat cotton was rc-transfeticd to the Eurasian land mass separated 
by the width of an ocean. 


Thu land movement, iftt happened as Wegener suggested, must have 
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happened long before Homo sapiau got his urge to travel or i fidwd 
before he existed in terms other than those of hit simian ancestors. The 
elieory could take care of the South Amencui monkeys, akin to, but dif- 
ferent&otn, their Old WorldreUdves; but to accoone for Man in thewest- 
em heniisphere, it would have to assume a separatecreadon. That b so un¬ 
likely as to be ruled out and, anyway, there has neva been any evidence 
in the Americas of anything to encourage the idea that Homo sapims, or 
his alltr ego, evolved there. Indeed, there hat never been found anywhere 
in the Americas any evidence of Palaeolithic industry, althou^ die 
excavations of the campus of the Universiry of Alaska have turned up 
took like those found in Neolithic stations in the Gobi Desert. Odier 
stone implements, defined by arcbaeologbts as ‘Folsum Culture', occur 
in conjunction with remains of exdnct bison at sites in Colorado and 
New Mexico. Far to the south, in a cave on the southern tip of A^cndna, 
the evidence of an exdnct sloth is mixed up with the tools and refiise of 
men who bunted and ate an exdnct type of American hone. (Remember 
that it is generally assumed that the horse was first introduced into the 
western hemisphere by the Spaniards.) These human vesdges, however, 
do not have the andquicy of Geologic Man in Europe, but Man iruy 
well have come to America between 10,000 and ao,ooo years ago. This 
definitely assumes a land-bridge between Asia and America, and the 
later migrations of the Eskimos, which can be damd back 4,000 years, 
show pretty deariy what that land-bridge was. They crossed the Berii^ 
Straits via the Aleutian Islands. 

6 . OBICtNS or TBB INDIANS 

It b fiurly obvious how they came, but where did they come from? 
The immediate answer is, of course, 'Asia', since they crossed the Straits. 
And. in broad terms, they would be described as Mongoloids, but in the 
great geographic ^an, fiom Alaska to Patagonia, the American Indian 
shows a great diversity. It is easy to describe the Eskimos as ‘Mongols' 
because of their physical appearance which u indbdngubhable fiom 
rhat of the Ch'vkchi, fhwr neighbours on the Asiatic side. The C b uckc h i. 
in turn, are recognisably akin to Chinese. Japanese, Burmese, Tibetans. 
Siamese, etc. While the American Indian has the pigmcsiation of skin, 
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hair form and facial size of the Asudc Mongo], m gown] be la^ Other 

duracterisdcs by which we identify the Mongol The fold of the eye, 
for example, is not conspicuoos in any of the Indians south, one mi^t 
say, of the tree-line. Nor is die hawk nose of so many of the ln^i»n 
tribes, however, Asiatic in the Par Eastern sense. Tn d<^ . it has been 
ide nt i fi ed with the types of the Iranian plateau, which, as we have 
was mhcrently Aryan in character. 

Other types of Indian have been identified wiA die Egyptians. For 
example, the Arizona basket-makers and the Coabuila cave 
resemble %ypdan aania. This might suggest exciting possibilides of an 
Atlantic iCm-Tiki and an cx{^ation of a kind of a&icy between the 
Aztec and Maya calendar systems and those of the Nile Valley. This, 
however, would be an extravagant assumption. The trans-Atlantic sea- 
migtacton is to implausible that it can be taken for granted that any 
movcmexit was by a ‘long-haul’ across the comment of Asia. It could 
suggest diac in pre-^ustoric Indian times there was a common origin 
with the Egyptians in a Eutafiican Mediterranean type. The Pecos 
Indians have been described as ‘pseudo-Negroid’ and this term again 
goes back to remotest history and was not in andapadon of the Afiican 
migradon in the slave Bade. Amerindian types have also been identified 
with the Dravidians of the Indus Valley. 

AfMcher attempt to identify the American Indians, both North and 
South, with a specific racial type was the temporary cult of the O blood 
group. At one dme Idood grouping, now such an in^itant feature in 
blood ttamfusioo for medical purposes, was supposed to haw escah- 
lished the individuality of the American Indian as belonging invariably 
to group O. Hiis group lacks the a^ludnogens A and B. The first 
samplings gave a too per cent of group O for various types of Indians. 
This would have suggested a unity of the American race - an immigra- 
don of one common stock, but it was bewildehng because of the 
enormous difierendadoo of physical types manifested in the Indians of 
the Americas. The prevalcxKc of the B ag^udnogen in Asia and its 
hereditary dominance over the O-gtoup with its absence of agglu¬ 
tinogens was explainable only on the assompdoo that both A and B 
changes in the blood groups appeared in Asia subsequent to the migea- 
doni of the Amerindians. In later surveys it was found that the ‘ 100 per 
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cent O’ wxs spurious. Tbe first B group was found among the wcscem 
Him a high percentage of group A was found among the 
P b c Me ct and later only aj per cent of group O was found in the 
Ceraga Induiu of Brazil. Later, when methods were devised for tesring 
the blood groups of mummified tissue, it was found that all four of the 
blood groups appeared in Peruvian mummies. It was dien O'bvious that 
the predominance of group O in American Indians bad no clear bearing 
upon the question of luiicy of die American race. 

In the siun, aD that has been discovered has shown not a unity but a 
diversity. Over the common bridge, and in the course of imcounted 
centuries, indeed, imllesmia, successive waves of immigrants entered and 
spread over tbe two continents of America. They bad obviously been 
J^tering across Asia and had added to ocher characteristics • Eurafrican 
or Dravidian or Iranian - traits which they shared in common with tbe 
Mongols. 

Thdr journeys and difiuswns did not stop until the whole besnisphere 
had been traversed and occupied. Petrified footprints of these eariy 
peopla have been found beside the petrified footprints of bison in 
Nkaragua - tbe bison, wUch became extina thousands of years ago. 
In Bta^ and in Ecuador similar imprints are found and right south to 
tbe tip of Patagonia. There, in the cave called Palli Aike, in the crater of 
an extinct vol^o, have been found tbe bones of the sloth and of extinct 
horses, alongwidicheremainsofthe ancient Indian artifkes belonging 
to periods widely separate in time. Those Patagonian remains are 
esrinuted to be between 3,000 and 5,400 years old. 

The spread southwards may have been, in part, due to the pressures 
of waves of immigrants. But, in the main, one can suppose that what 
compelled them first to aoss the Aleutian bri^ from Asia, then down 
tfa»u^ the cocridor east of tbe Rockies and into the great plains and 
finally into the jungles South America, was just that impulsive u^e 
which today pushes men fiom this earth onwards to the moon, to the 
planets and to the stars. And in the course of thousands of yean they 
changed their ways, some drastically, some scamly at alL Some were 
cootenc CO remain hunters, like the Indians of the Prairies; odien became 
setden and formed their pueh{» villages; and some went forward into 
advanced cultures, like the Mayans, the Toltea, the Aztecs and the 



Incas. Some degeoented to become, or remain, tbe primitive tribes of 
the Equacoml jungles. 

At the time of the discovery of America, the total populadoo of 
Indians in both North and South America was periups thirty tnillioos, 
although what is now the United States contained only some t,ooo,ooo. 
Most of the North American Indians were still hunters. They consisted 
of over 600 distinct societies living nndet conditions tanging &om the 
warm coast^lands to the Arctic ice, from the Honda swamps to the 
frozen tundras, from the Adantsc woodlands to the Western deserts. 
They were ‘undvilised' only if we identify civilisation with nuterial 
cultures. In general they were civilised in their relations with rach other 
and in their recognition of the innate human and spiritual values. 

7. THE CONPBOBRACY OP TBB PINS 

The most important Indian groupii^ on the continent north of 
Mexico was the Confederacy of the Iroquois. In the subsequent exploita- 
tioo of the Indiam and of their lands, white men had to justify cheit own 
cruelty hy condemning the savagery of die Tndiant AQ brutality is 
relative. Indeed, we might remind oursrives chat ‘savage’ came from 
the French 'sauvage and meant merriy ‘the woodland people' until it 
became connected widt brutality. The Confederation was one of the 
most enlightened institutions probably dtat the world has ever known. 
It came into being tome time around the middle of the sixteenth century 
- fifty years after Columbus discovered America, or about fifty yean 
before the first settlements of die White Man. It was a league of five 
tribes, the Mohawk, the Sencka, Oneida, Cayuga and Onondaga. It was 
brought into existence 00 renounce war as between the tribes. The code 
of the Confederacy read: 

‘The Confederated chiefr now uproot the tallest pine tree and into 
die cavity thereby made we cast all weapons of war. Into the depths 
of the earth, deep down into the undcr^artb currents of water, flow¬ 
ing to unknown regions we cast ill weapou of stri& We bury them 
from sight and we plant a^in die tree. Thus shall the Great Peace be 
established.' 
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The peace aimi of Confederacy were universal Any Indian on the 
fnntiriCTt couU cntcf the Confederation. The whole prospect was 
changed through die setttexncnts hy the Whites and by their imperial 
straggles. Out^de the Confederation were the Cherokees. After the 
creation of the United States the Cherokees wrote a consdeudon of die 
White Man’s kind. They established a legislature, a judidary and an 
executive branch. A 6:ec Press and public school system was set up and 
in their relations with the White Man they kept &ith, although the 
White Man consistendy betrayed them. In the end they were expelled 
&om their lands and driven into Arkansas. On that trek C h e r okees 

died. 


S. SOUTH Ol* THE EIO CIANDE 

The great flowering of Indian culture, however, was in die south, in 
Mexico and beyond that in Peru. Down the wedge-shaped plateau of 
Mexico the tndiaM came uncounted dioosands of yean ago. Presumably 
for thousands of yean they lived as hunten and they moved following 
their animals to places where water or salt could be found. 

Then, in a great undetermined momesit, came die discovery of maim. 
The introducoon of this plant into Mexico was the essential ftetor in the 
economic groundwork of the dvibsadon which was established. The 
fibres of the maguey of the plateau and dm cactus in Yucatan provided 
the second requisite, flbres for cloth-makit^ But while the Peruvians 
had thdr - chat strange camel- 4 ike creature which somehow, like 

the men, had come &om Asia - the Mexicans had only their backs. In a 
mousitainous country an animal to draw the ptou^ is not as essential 
as on a level plain beside a river, but it is obiriously more necessary to 
carry the burdens up a steep, rodty road. Certainly one of the rescric- 
Qoos on the development of Mexican culture and economy was the lack 
of beasts of burden. Men, or rather women, tdieved the need. 

With die development o( maize there was food to be stored. Men no 
longer had to give all didr tima to the search for food. The story, as 
e v er yw here, repeated itself; specultsadon of tasks became possible. 
Icssure, religion and art developed. 

Out of the maize dvilisadon developed three well-known cultures. 
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che Mayas’, the Toltccs’ and the Aztecs’. Ttw first may have been the 
most ancient of the three. The Mayas moved from the plateau into 
Guatemala - pushed out, pcesumably, by the second, the Toltecs, who 

in their mm were replaced on the plateau by the Aztea. 

9. T8B MAYAS 

Certain frets to be reasonably well established. Widi jusdficatioa 

we can chat on 6 August in the year 613 B.C. the dme record of the 

Mayas was begun. This is their year zero; it is exact and definite, fiwndcd 
on which remain with us, of lunar and solar echpscs. From 

the evidence of these calculations it can be assumed that the Mayas had 
been studying the stars for well over 2,000 years. It would take that long 
to work out drat kind of calendar. Some authorities believe diat the 
Mayas builc the great pyramids at Teotihuacan. Some place the high 
point of the culture which built these pyramids at 500 B.C., but others 
date it later. About the time that Christ was bom, the first Maya empire 
was fininded in Guatemala and U is agreed that its great period was 
between A.O. 430 and 60a The architectiuc, sculpture and painting in 
dsose Central American ruins of this period are the most highly 
developed, artistically Kalanfwt and beautifril yet found. We might 
remind ourselves that Europe at this moment was fioundering in the 
era of the Dark Ages. Rome had been sacked and Charlemagne 
was yet to come. Atdut period, duringthoseijoyean, the Mayas were 
assuTcdly the most dvUised people on the planet. 

10. TBB TOLT8CS 

In AJ>. 1,191 the Mayas ofYucatan were overthrown by a great prince 
from the Mexican plateau called Quctzalcoad. Althou^ he was later 
identified vrith gods, there is no doubt that he had a temporal reality. 
He discouraged blood-acrificc and obvioudy coo£»red great boons 
upon dK people, fiat be was remembered in their mythology as the 
redeemer who was to return and restore die Golden Age. That, we 
remember from our school boob, was the undoing of the Indians 
because, according to prophecies, Qocttalcoad was due to return to 
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earth and glorify his peo^ in the year iLD. 1,518. like the sun, be was to 
come out of the case. Cortes, his armour glinting , came out of the cast 
and became the embodiment of Quetzakoad with disastrous results for 
tbeindiaiu. The Golden Age became the Rape of Gold; the redemption 
became subjugation. 



FoUowing a teties of oucraces comaucted by tbe nvadert, the dcuens 
dte in anns sgainK die ^enisfa. ‘Ibe Spioiaidt and ilieir 'naxcalm 
are besieged in the padaee of Anya^ in this scene a field piece 
is shown in action, while the hoesensen ate held in itseire foe a soctie. 
L/enu dr 7ie«ei< 


Before his apotheosis, Qtsetzalcoatl was the Toltec king, priest, 
astronomer and culture-heto extraordinary, who taught all art, wisdom 
and kindness to his people. He *bonowed’ die Mayan calendar and 
reduced it to a system of signs and ideographs which could be under¬ 
stood by the diverse peoples of Central America. 
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Jhjt ttoty of the Toltecs is ooe of great eonfusioD - thanks to the 
activities of the Bishop Zunurraga vt^o, after the Spanish Conquest, 
took all the reconh of the libcary of Texcoco and heaped them on a 
pyre 'to the glory of God’. Similarly, Father Landa followed his supetioc’s 
example and destroyed the Maya Hbraiy in Yucatan. These records con¬ 
tained accounts of medicine, astronomy, chioo^gy and the histories 
of dsc pre-Aztec peoples. In two fanatical days the priests did a job more 
dsocough than the burning of the library at Alexandria. 

What they could not destroy were the enduring remaitu of Teod- 
buacan. Here is the record of die Master Builders. The Pyramid of the 
Sun is 750 feet square andaid lect hi^ And dus is just a fragment of the 
sacredcicy which was four miles long, two miles broad and which had a 
courtyard of 1,700,000 square fret. The buildings were covered 
and die roads laid in ceosent. How dtey prepared the masonry and cut 
the hard brittle obsidian of their oniaments sdU ba/Bcs the invesdgatois. 
Their only metal was copper, much too sofr fisr shaping the stoiKS. They 
used some Unil of emery to smooth the stones (like the courtyard in 
Montezuma's capital, which was so mitror-sniiooth that Cortes’s horses 
could not keep their feet). Perhaps, as the experts suggest (with some 
hesitation) ds^ had a sted which has rusted away without trace. Nor 
u there any explanation of the microscopic detail of some of their 
carvings - the crafrsmen used crystal magnifying glasses. 

Teo^uacan perished in the late tench and early eWenth centuries 
A.D. Its downfrll has been ascribed to religious coofiicc, revolt and die 
frilute of crops. Archaeological evidence would oonfitm that. It would 
appear that ^ priesthood acquired delusions of grandeur and that in 
t^ last stages of the dry, which had progressively grown, there was a 
sort of cancerous growth. The excessive demand for construction could, 
by its drain on human resources, have produced revolt. But it can be 
sensibly assumed dut it was not only the people but nature which 
revolted. 

To get the Bme cement for this excess of piety the neighbouring 
forests must have been extravagantly destroyed. The Indian method of 
producing qaieklime required ten tunes as much vrood as the limestone 
to be reduced. To this teo-co-one propoedon must be added the fact 
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dut without metal axes or saws, of which there u no surviving evidence, 
die amplest way of producing charcoal in quantity is to set fire to the 
forests themsehrea, without the refinemeat of cutting down the 
I, personally, would accept the evidence. The bald hills around the 
Valley of Mexico and around the Valley of Oaxaca in die south would 
testiiy to suds destruedoD of forests and, in their degree, to a pt^ 
Conquest destruction. 

If dus were so. then the &lure of crops which starved out the Teod- 
huacam could be radonally explained by the defitiestadon which, with¬ 
out the trees to filter the rains into the underground springs and by 

producing run-off and erosion, would dry up the streams and wreck the 

onc^fivdle lands. 

Across the great lakes, which once nearly filled the Valley of Mexico, 
the Toltecs survived in the other great dry of Azcapocalca. This land 
is culdvated at the present time and the needs of agrkulturc have led to 
the razing of the ruins, but the pcasams there are continually turning up 
the evidence of a once rich culture. It petered out somewhere at the end 
of the twelfth century a.d. 

Once again archaeology finds eloquent evidence of the fite which 
overtook a people. A large cluster of baby burials, all contemporary, 
suggests that starvadon and resulting in&ntile mortality overtook a 
culture which is otherwise distinguished by its abundance. 

II. THB NEW VIKI 

The New Hre Ceremony was the clixnaceeric occasion of the Aztec 
calendar. It occurred once in every fifty-4wo yean. It marked die end 
of one phase of the universe and the beginning of the next. The altar 
fires which had burned continuously fi» fifiy-cwo years were extin¬ 
guished. In their homes, the people allowed their hearth-fires to die, 
destroyed all their household goods and fasted and bewailed their im- 
pendmg fiue, because this could be dw end of the world. Unless the gods 
would grant a new dispensation, their life would end. 

Then asthesunsetattbeendofthe epoch, a procession of priests 
representing all the gods of the Aztecs would march in pcocessioQ 
towards the summit of Hubcachtecad, the Hill of the Star, tuning their 
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arrival at its crovming temple for midnight The &ce of mankind rested 
on a scar, beiieiTed to be one of the Pleiades. If chat star crossed the 
zenith, chat meant survivaLlfic should falcer, it would mean the end of 
the world. 

When the star crossed the zenith, as it inevitably did, a human victim. 



A haiwUtil flf the Spaniards ceacfa dsc auin- 
land. The Aaecs, nstcad of fodowing up 
their advantago. pUmdcf the bodies of die 
irflW and drowned. Be it tetnemhered, 
however, the Spanieh carried off (be entire 
Aztec treawre. Cedne Plerenriw 

specially beloved of the gods, was sacrificed. In the breast of the victim 
they kindled a fire - the ‘New Fixe' - and from diis fire torches were Ht 
to rekindle the flames in every temple in the city, ^om those temple 
fires the peofde relit dieir hearth-fira. Life had been assured for another 
fifty-two years. 

By virtue of this ceremony the hismry of the Aztecs ^ spite of Bishop 
Zumarraga and Father Landa, the record-bumen) can be aecuratdy 
dated. The destruction of the household goods is repcesenied by the 
accumulated potsherds on the archaeological sices. There is no deposit 
foe the cyclical celebration of 1,559 because the Spanish Conquest inter¬ 
vened in 1,519. but othen can be traced backwards, efarou^ pottery. 
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from 1,507 to 1,455; from 1,455 to 1,403; from 1,403 to 1,35a, «tc. 
Working bade through nine cyd« of fifty^wo yean we reach the year 
zero in the Aztec calendar - A.D. 1,091, 

Into the Valley of Menco, already culturally developed, there came 
somewhere about 1,168 a vigoroiu people. At fim they lived on an 
island on a lake in Mrestera Mexico and crossed in boats to the shore. 
They began to migrate. They stopped at vaiious places, all of which in 
retrospect acquired a religious signiScance but which in lact were no 
more than the pattern of a shifting cultivation > the workings ofprimitive 
agriailturifts wearying the %<»l until it tired and the yidds dropped. 
Rnally they reached the lakes of the Valley of Mexico where they peace¬ 
fully settled in what u now Chapoltepec, neat the present Mexico City. 
As they prospered, they pressed upon their ndghboun and thejf neigb- 
bours pressed upon them, and wars resulted. To their punitive expedi¬ 
tions they added the blood-sacrifice of prisoners, a cult which they had 
brought with them. 

This cult of human sacrifree, by which we remember the Aazco and 
by which the Conquistadores justified their own excesses, had already 
acquired a mysdeal significance. Although it is hard to beheve, to be 
sacrificed was an end devoudy to be wished. The vkdms who had their 
living hearts tom oat were supposed to realise that dsey were the 
privileged of the gods. This theory was apt to confuse their ndghbours 
whom they raided to secure sacrificial victims. 

For example, in their early days in dw Valley, the Aztecs were seeking 
to curry favour with a powerful chief Coxcox. They sought dsc hand 
of his daughter for their own chief. He gave bis consent but when she 
arrived she was so bcaudfril, and his gifr was so great, that in humility 
they regarded her at too good for diem. So they made her the Bride 
of the Gods, sacrificed her and draped her skin on a priest to impersonate 
a nature-goddess called Tod. The frtfaer, who h^ been invited to a 
ceremony marriage not with the gods but with the chief did not 
appreciate the honour which was thus conferred upon his daughter and 
summoned hit armies to exterminate the Aztecs, who fled back to the 
islands on the lake. There dsey lived as outcasts in a Mexican community 
of cultures whidi had not been disfigured, hitherto, by the sactifidal 
cults. 
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On t W mmped islands diey coo&omed (be pfobUm of survival 
in an ingenious way. ‘Ibey created (be ‘floating gardens', (be ckinampof. 
Tbese were inan>ffiade islands contrived by scooping up mod from dse 
marshy borders of the lake and by holding it in place by a breastwork of 
reeds. Then trees were planted, the roots of which bound the earth 
solidly together. Between those extensive ‘baskets’ of soil, dsc water 
flow^ in a regular system of canals, iresh mud was always added before 
each planting so that the organic matter was contiaually renewed. In 
dtis way the Aztecs converted the otherwise unproductive marsh into a 
grid of canals and fields of rich fertility. Thus inverted the procc» 

vduch we find in the Nile Delta, where die riven created the sUt beds 

and the Egyptians cot the canals throu^ them.'Ibis system of cUnempds 

agriculture sriU exists in the districts of Xochimiloo and Chaleo, where 
of the vegcaUcs and flowenare still grown for the needs of Mexico 
City. They are still a rural Venice fiir the tourisn who meander through 
the netwo^ of gardens in garlanded boats. 

la. THE LAKE CIVILISATION 

In time, dKK grew up a lake dvilxsation based on the island on which 
the builc their city of Mexico*Tenochciclan. Standing in Lake 
Texcoco and linked to the shores by causeways and surrounded by the 
green and colourful islands, the chitumpas, (^ city inspired the rude 
Mldiccy of Spain to rhapsody — and rapine. 

‘It is likp the enchantments diey tcO of in the t^end of Amadis,' 
hymned Bernal Diaz del Castillo, the eorapanion of Cortes. ‘Arc not the 
things we Ke a dream?* 

Here was paradise. As the Spaniards looked down into the valley they 
saw the oval and its three causeways from the centre of the city to 
the mainlanfl. It was like a jewelled ornament, with the white opalesque 
buildup of the temples of die city surrounded by the emerald and ruby 
clusters of the green fields and red-flaming gardens ^nned on the blue 
bosom of the lake. 

Above (he square blocks of the bouses rose the truncated pyramidal 
like the Babylonian ziggurait, each with that temple on top and the 
atounl It was a dey ofptfios, cloistered courtyards, and arcades. 



TKB VBIDCB 


IJI 

Apart &om the extenxioru of tbe lake causeways, the dty had tio roads, 
but it was interlaced with canals, along which the peasants brought their 
canoes and supply-boats. There were do wheeled vehicles because dse 



Tbe Sfwniih flodlla pm to sea. Tbete 
galleys, equipped with oars aod a sail and 
atined with a caBDOo in tbe bow. could pby 
havoc with the Aetec war canoe*. Ced« 
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wheel, except in the calendar sense, did not escist among tbe Aztecs. 
Not, cmdl die Spanish invasion, were there any hones. Movement was 
by water or on foot. 

Into this &butous dey rode the Spanish invaders. At the head came 
Cortes, the bearded White Man in his glistening armour, mounted on a 
horse, an animal the Azeea bad never seen. Obviously diis was the 
reinicarnated Queczalcoad, the Plumed Serpent, the God ofCiviHsaQon! 
Behind him came the 400 Spaniards. They rode across the causeway, a 
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remarkable piece of engixieering, executed with geometrical predsion 
aikl composed of huge ttooes weli laid in cetncfitaud wide enough for 
ten horsemen to ride abreast As they marched on this dyke they passed 
several large towns resting on piles and reached into the water. The 
lake populations, apart from their crops, m a in ta in ed a ttade from the 
nunufriaure of the salt which they extracted from the waters of the lake. 
The waters swarmed with canoes ~ Antonio de Herrera, the historian, 
estimated 50.ODO. Near the approaches to the capital they encountered 
Fort Xotoc, a batdemented gateway flanked by towen whidt was the 
outer defence of the dey a mile and a half away. Where the causeway 
reached the wland there was a drawbridge which gave on to a broad 
avenue, and dw Spaniards passed amongst Ak temples whose altars 
were faring vndi die fifty two-year fires. As they mardsed down the 
spadous street, the troops crossed bridges over the canals on which the 
Indian boats ^ided backward and forward with their cargoes of ftuits 
and vegetables. 

13. THB BALLS OB MONTSZUMA 

Prom the pyramid of the Wat God, Montezuma gave Cortes a god¬ 
like view of the dty. 

*11x0 Montezuma took Cortes by die hand,’ wrote Bctnal Diaz, 
'and told luffi to look at his great dty and all the other cides that were 
«wnrl»ng m the water and the many other towns and die land around 
the lake.... So we smod looking about us, for that huge and cursed 
temple stood so high that fixim U one could see over everything very 
well, and we saw the three causeways which led into Mexico ... 
and we saw the aqueduct of fresh water diat comes from Cbapul- 
tepec, which supplies the dty, and we saw the bridges on the three 
causeways, whi^ were built at certain distances apart.. . and we 
beheld on die lake a great multitode of canoes, some coming with 
si^plies offood, others tetumii^ loaded with cargoes of merchandise, 
and we saw that from every house of that great dty and of all the 
other does that wetc built in the water it was impossible to pass from 
house to house except by drawbridge, whidi were made of wood, or 
in canoes; and we saw in those does temples and oratories like towers 
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mi forcretKS and ali gleaming white, and it was a woodethil to 
behold.’ 

Hius Montezonu received Cortes as the an^K^mdo r of a great 
monarch. He made the Spaniards his honoured guests with hospitality 
which they abused. They abducted Montezuma and subjected the 
superstitious priest-king, already doomed by his own astrology, to 
psychological torture which modem brain washers have never surpassed. 
When he was no more chan a zombie, a walking corpse, drained of his 
spiritual U&-biood, he was killed. Ic is irrelevant whether the blow that 
killed him was a stosK thrown by his outraged people or whether he was 
actually murdered by dse Spaniards. In the sequel, his son Gweemozin 
was put to torture in an effort to force him to reveal where gold was 
ludden, and he was banged by Cortes. 


U. TBKOCHTITLAK AND BIROSHtMA 


How a small band of Europeans could subjugate a ’great empire’ can 
no longer be regarded as a miracle or a mystery. Montezuma was no 
monarch. He was the leader of a group of tribes with a mystical, but not 
consricurional, authority. He was not the bead of a hegemony of the 
other tribes of Central America but merely identified with a small bur 
strong group which could periodically intimidate others into paying 
tribute but which bad no administrative authority of feudal powers or 
of military levy. No one doubts the desperate courage of the small band 
of Spaniards but their iiucial advantage was gained by ‘psydsological 
warfiBe’. This was fortuitous - the myth of Quctzalcoad and the oo- 
incideoce of bis prophesied return with the arrival of the AXHtite Man; 
the appearance of the unknown hone (widi Cones subtle enough to 
realise the terrifying eSixcof the bellowing of a fi-unrated stallioo); and 
the effects of edged and bomisbed steel, with the coincidencal super¬ 
stitious significance of plumes, wluch the Spaniards could not have 
foreseen. The subsequent disruption of the Indians was not the result of 
their defeat in battle, but of fuming through dismtegratioa of an agri¬ 
culture economy, and of disease, introduced or released by the White 
Masu 
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As many wck killed in the cbtee nxondu’ siege ofTenochtitlan by the 
Conquinadoro u were destroyed by cbe atom bombs on Hkoshima 
and NaguokL (Bstmutes in bodt events vary between zao^ooo and 
340,000.) 

Yet the horrific story of that ruthless slaughter and destruedon is stU] 





Camlitemoc, who condocted the detence of Tenoeiitillan, is 
noetved with sD (he bonoun of war by Cotta and bis coiuott, 
Marini, bi the uppa right Costa msy be seen greering Cuatiht> 
moc’t wife and bmily. The kgtad tratubced leadi: 'With this 
event, the Meakansweie finidied.'LMi« 0 dr TIcnals 


only an incident, not a culmination. We have already seen how the 
burning of forests fix charcnal for the cement of the temples and cides 
had bared the mountains. Now, in their conquest, the Spaniards 
accelerated the process. They destroyed the capital and ocher lake cida 
but Cortes wanted to build again to the glory of Spain, and he chose the 
site of Tenochddan, Montezuma’s dty which he had so thoroughly 





Mbi>ubvai. Alchemy 
Stradamui print of The Akhemist'* Laboratory* 

Modbkn Chimistry 

Oil rcfuicry at Ellcaiwrc Port, Cheshire, which handles 5.000.OOO tons of 
crude oil a year 
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15. TRB DBATB Ot A VALLBT 

Proooct, who goes on record in his History of the Conquest ofMexito 
as saying, 'The empire of the Azteci did not fkll before its time.' gives an 
apCCDunc of the rebtiildbg of the city in four years - on the Spanish model 
and on a grandiose scale. 

The labour was to be performed by the Indians, drawn from all 
quartets of the valley, and including t^ Mexicans themselves, great 
numbers of whom s^ Ulcered in the neighbourhood of theit 
residence. At first they slwwed reluctance and even hostility when 
called to this work of humiliation by thdr conquerors, fiut Cortes 
had the address to secure some of the pcmdpal chiefs in his interests, 
and under their diccctioQ and authority the labour of sKi-ir country* 
men was conducted. The deep groves of the Valley and the forests of 
the neighbouring hills supplied cedar, cypress and other durable wood 
for the interior of dte buildings and the quarries of tetzoatil and the 
ruins of ancient edifices furnished an abundance of stone. As there 
were no beasts of draught employed by the Aztecs an 
number of hands was needed for the work. All within the 
control of Cortes were pressed into service. The spot so recently 
deserted now swarmed with multitudes of Indians of various tribes. 
... The proplsecy of the Aztecs was accomplislsed... .* 

(This prophecy was thdr taunt to the tribes which had become the 
allies of the Spaniards. 'Go on.* they said to the Indians who were 
destroying the capital. *1110 more you destroy, the more you will build 
again. If we conquer, you shall build for ua; and if your white friends 
conquer, you will do the same for them.’ All the Indiint, ex-allia and 
ex-friends, were reduced to peonage.) 

‘And,’ wrote Prescott, 'the work of recotutruedon went forward 
with a rapidity like that shown by an Asian dapot, who concentrates 
the population of an empire on the erection of a favourite capital.’ 
But Prescott, who justified almost anything because of the h uman 
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ucrifice pnctised by dx Aztea (& practice whidi had prevailed in 
vaiiotu degrees during less aoo yean of the history of the Central 
American Indian) saw no connection between this frenzy of despotic 
building and his desetiption of the lake and its adjoining ddes: 

*But a gesscradon had tcaioely passed after the Conquest before a 
ltd change came over scenes so beaudfuL The town (Impalapan) 

was deserted and the shore of the lake was screwed with dx wreck of 
buildings which were once its omasnent and glory. The (floating) 
gardens shared the frte of the dty. The retreating waten withdrew 
dx means of nourishment, converting flourishing plaint into a foul 
aisd luuightly morass, the haunt of loathsome reptiles. And the waeer-> 
fowl built her nest in what bad once been the palaces of princes.’ 

The ruined gardens? The retreating waters? Cort» had impreswd 
400,000 Indians, the people who bad made a lake arable with floating 
gardens. He had cut down the timbers for the glorification ofhis palaces 
and churches. And be had built in stoex and stucco which, remembering 
the Indian proportions of ten cons of charcoal to one ton of limestone, 
meant the devotion of forests by firing. 

The recreating waten withdrew their nourishment.’ The level of the 
lake fidl through the loss o( springs, suckled by the forests. The lakes, as 
they became shallower, became more and more salt until in the end they 
became juat salt-pans. And the process thus started went on remorselessly 
through the centuries until Lake Texcoco withdrew her skirts fitrni 
Teno^titlan and the Iriexico City of today stands on a dusty {dateau, 
once water-filled. 


id. TSiB VNBATCHBD BCG 

Thus a people who may have ori^ated from the Persian plateau or 
the Indus Valley, and who durir^ the aeons of time had traversed Asia 
and North America to establish a dvilmtion m Central America, 
became the serfs and the slaves of a people who bad taken a shorter cut, 
acroo the Adandc. 

It has been said by Stuart Chase, ’In astronomy dx Assxrican mind 
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reacbod its climax and the Mayas were its lugb priests.* Over 4,000 years 
ago the first material s«ducb went into dse creation of the Mayas' ralmdar 
must have been collected and built up into a system in wbkh it is possible 
to distingutsh, widiout duplicatioo. any given day in 370,000 years. 


e 



bes surgical tBstrumcnts. Tbeae were found in graves wish gauze 
bondages and a form nf prioriim but very dTecsive toumiqnec. 

(a) Branze scalpel, wrapped with leather thongs, 
fo) Beonac AnHi for maUog indsioat in bene. 

Another foem of scalpel with onumented bone handle. 

(d) Bconac scalpel with woodn handle. 

(e) Larger bronse sctlpd i specific UK tanknown. 

They had discovered the zero, the symbol indispensable to modem 
•dencc, higher mathematics, and out mechanical age. It u generally 
claimed that zero, the ‘unhatched ^g’, was derived by Europe, fiom 
the Hindus, through the Arabs. But, in Hindu terms, the discovery was 
made not earlier than A.D. doo, while the Mayas had dixovered it 
centuries befisre. Of physics and geometry the Mayas had a practical 
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knowted^ and they were excepdonally hi^dy developed drau^tsmea. 

These people, die Mayas, Aztea and the test, had an advasKcd 
medical system in which they employed betbal Temediea, incl n di ng a 
(which the English doct^. Withering, was to rediscover in the 
i-i ghbi^A century, as a treatment for heart diseaK). They had an 
extensive knovriedge of the working of the human fra me, ofits ske l et o n , 
its muscles and in nervous system, and the Mayas were paitkolarly 
sVin<»«< in treating diseases of the eye. The Aztec hospitals and refuges for 
veteran soldien evoked the admiration of the Spanidi conquerors, who 
discovered that tlKse'barbarians* had a sanitary system frr in advance of 
anything they had lefr bfhind them in Europe; m the capital dey there 
were over 1,000 street cleaners. 

The Mexican tribes, eadl in their various ways, had imjmsave and 
diversifred sodal systems. Even in what, geographically, would appear 
to be dote proximicy, they kept dieir diversity, for example, the 
Za p i yy-f on Monte Alban were practising human sacrifice (which they 
pa^ on to the Aztecs) vdiile the people of Mitla, only a finv miles 
away, were contempotaocoosly pnedstng a religion which abjured 
hiiTnm It is also obvioas from the archaeological remains that 

the had masa-production fretories a long way ahead of die 

Industrial Revolution. 

But, above all, they had btoogfat agriculture to a high degree of 
efficieocy and (m die breeding of maize, for instance) of sophittkaoon. 

17. THI rATB or THI INCA 

To the south, beyond the Isthmus ofPanama and Nieaiagua, flowered 
the dviliatioo w^ which this part of the book started - the Incu. 
They, too. were the heirs of previous cultures. TIk Andeans appear to 
have had little, if any. contact with thdr ndghbours in Central America. 
But they were to mfier the tame rcinorseles fate. 

Tlieie ace few t^Uet stories in history than the fiue which overtook 
die Atahuallpa. It is true - another of those grim coinddenccs - 
diat when the Spaniards arrived, the empire of the Incas which had sur¬ 
vived and grown in die stabilicy of diree centuries, with little recourK 
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CO war. was in the throes of a dynastic struggle between Atafauallpa and 
his brother Huascar. 

Atabuallpa had entered triumphant and was on his way to the capital, 
Cuzco, to be installed as the Inca, the Lhring God. On his progress be 
had stopped to talce the sulphur baths at Cajamarca. There be beud of 
the arrival of the small band of Spaniards under Ptzarro. Again the 
element of superstition comes in; Uiere was a l^eod chat die Inca's 
Creator God, Kon-Tiki Vitacocha, hid forsaken his people beauae he 
was dissatisfied with them and chat one day he would return. Atabuallpa 
believed chat die Spaniards were the gods themselves coming to conduct 

him CO Cuzco to invest him as die Inca. But presoidy, when he heard 

how they raped the Virgins of the Son in one of die ten^les, Ik suspected 

that they were no gods. But, either became he fidt secure in his supremacy 
as the Sun King or because of native Peruvian hospitality, be gave in- 
struedons due the newcomers were to be received everywbm with 
honour and foiendship. He then invited them to him in the 
at Cajama r ca. He ordered his own warriors to come unarmed so as not 
CO give oficnce to their visitors. 

On die evening o( i6 November 153a, at the hour of the 
vespers, the Inca was carried in his litter, surrounded by his ■marm#,.? 
bodyguard, into the plaza. On three tides of the square were low ranges 
of buildings, with spacious halls and wide doorways. There, in 

mesic, Pizatrohadalreadystationed two divisions of hit cavalry on their 

hotses, those animals unfaTniliar to the Incas, and had posted guns. 

There is the fontastk story of the priest who challenged Inca in 
the name of the Pope and commanded bim to turn to Chrirtunicy. He 
propounded the suture of the Trinity and bewildered the Inca by trying 
to prove that three in fact was four. In the upshot the priest lost paH.»nni. 
accused the Sun King of insulting dx Bible and the Pope, and rushed to 
Pizarro and said, ‘Do you not see while we are standing here wasting 
our breath, calking to diis dog, full of pride as he is, the ^Ids are filling 
with Indians. Set on at once I’ Pizarro obeyed the injunciioa. The White 
Men’s guns roared and the cavalry dadied fiom their ambush to 
nussacK the helpless Indians and to Iddnap their Only one Spaniard 

was wounded but some xo.ooo Peruvians died that day. 
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Thm came ihe Inca’i fiual miitake over die mniom. He had issued 
orden. xo avoid further Uoodshed, conunaoding his people not to 

avenge die masacre Of the indignitiei to his penoi^ But he had formed 

a pretty shrewd estimate of the Spaniards and realised that that desire 



The wH die priDopd B sai port (at At BoWlity. The 
iBca end hii Oye-qiM bdof onied by Ruem tnbama 


to convert him to their religioa was Ie» than their rapacity for gold. 

He decided to appeal to die avarice of his keepers and told Paarto 
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fKat as the price of his fieedom he would fill t room with gold. The 
apartment to be filled was 17 &cs broad and bb fxt long, and the height 
he agreed to fill was 9 feet above die floor. In addition to filling this with 
gold, he agreed to fill another room twice over widi silver. He under*' 
took to do it vrithin two months. 

The courien of the Incas went out over the land, travcllmg fiut-ibot 
across the Andes and down to the coastal plains, and the gedd arrived 
within the stipulated period. By modem estioiates the gedd dut filled 
that treasure room was worth ^75,000,000. 

The Inca had sentenced himself to death. If he could command such 
riches at such short notice there was obviously much more that be could 
withhold. $0 the pretext was found that he had used the gathering of 
the ransom to communicate with his people throughout a vast en^iiie, 
and to alert diem for a rising against the Spaniards. He was condemned 
to be burned at the stake. 

Two hours after sunset on 29 August 1533, Acahuallpa was led out, 
hand and foot. Father Vdverde, whose argument on the 
Trinity had led to the kidnapping and the massacre ten months before, 
was at his ride. As the Inca was bound to the stake with the foggoG piled 
around him, die priest held up the cross and demanded chat he renounce 
the fotdi of his fothers and embrace Christianicy. In return, the priest 
promised he would be spared the fire and merely be strangled. 

According to the Spanish account, which of course was useful in per¬ 
suading (be hidian peo^ that their Inca had set an example. AtahuaDpa 
was converted and garrotted. 

In diat blasphemous moment, die Incas’ dvilisadon might have been 
strangled like Atabuallpa. It did not die; it persisa to diis day, not as 
moRumeno and ruins but as a culture and a way of hfe, with which 
European power and rcl^on has had to compromise. 

Inits permanent effects, die empire of the Incas left an imprint and an 
jnfl.wu*# as profound at that of die Romans in Europe. We can call 
them ‘the Romans of the Western Hemisphere’. This is not just a 
question of dimension; even by modem standards, and measured by the 
shortcomings of most of the world today, the Inca system of govern¬ 
ment was renuritable. 
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l8. TBI ANDIAH CIVIltSATION 

TIk Oldie of tbe Aodeaa dvilisiiiaa wu Pent but ooc one Peru - 
three Perns, iD lyiog parallel to each other. Pint there was the Peru of 
the coastal desert; second, the Peru of die high Andes and the plateau; 
and dtird, the Peru of the jungle. 


Along its coasts flowed the Humboldr Current, the Golf Stream of the 
Padfle, of whkh Hejrcidahl took advantage on his Km-Tiki expedittoo 
(named for the 'Uncreated Creator’ of the Incu). This current brings to 
the coasts of Peru a strange compoitatioo for the dexits which lie 
ashore. The waters are alive with swarming plankmo, which make the 
tea fmt n d with fish, and this sea-Iiie attracts birds in fa ntasd e numbers. 
Those birds in turn complete the cycle of nature by depositing on the 
tslandi and along the coasts enormous quantities of guano-dxn^ the 
of which once coostitueed die world’s richest reserve of 
natural nitrates. The ancient Peruvians applied this fierdUscr to the tn- 
ferdk deserts. 


loco the valleys, running &om the desert into die mountaim, filtered 
a fftTfi ffcinn of immigrant peoples, who in their isolated valleys formed 
separate cultures. In their subsequent diffusio n , and each in their own 
way, they their agricultural practices over die Andes and on 

to tbe plateau. From one of these groop-setdemenis around Lake 
Titicaca spread die to become the rulen, but also the heirs of the 
ocher cultures. 

The earliest Luca diief known to history was Sinefai Roca, the begin¬ 
ning of whose rule may be fixed at Aj>. 1105. Without wars and until his 
dea^ S i'yl'i Roca slowly extended his own tribal area along Lake 
Titicaca. His son dien ruled, and advanced, again without war, and hit 
grandson, Mayo Capac, further enlarged the tetrieory and die Inca 
without more dun local skirmisbes. That was true of all tbdr 
history - diey established a hegemony, not by wan of con¬ 
quest but by force of example and the authoriry of respect. 
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Men and women fioofhijn the fieUi co gee fa c t. The tnco we 
che footploogh. called McUe; the womot bteak up the dodi cf 
ewth. Anoiber woman hringi eom-<Udta to deink. Redrawn 
fiom Felipe Hiumin Pome de Ayah 


19. THE OOLDIH D16C1NC STICK 

The basis of the Inca empire, as of ail cavilitadon, was agticukuie. 
But, whereas in 10 many other dvilisadou the soO and its peo^ became 
the slaves, in Peru the soil was paramount The structure ofsodecy was 
rooted in a natuie-mystidsin. There was no such thing as dead earth; all 
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nature most be nursed into li&. Ttw sands of the desert and the highest 
slopes of the mountains were a diaUenge and tbcit culdTadoa was a 
taoed miison. The symbol of die soil, Awm, or place-shrine, was everyw 
where. We can marvel at the wonderful terraces, stone aqueducts and 
rock reservoin sriikh remain to this day &om pre-Conquest dunes, but 
they are a tribute not only to the tedmology and social system which 
created them but to die reltgious zeal which sanctified the soil as the 
peer of all life. 

The Inca govanmencal system was based on the village but the village 
was not only a coounacicy of people but a communion of the soil with 
these people. There was a complete idcndficadoo between these people 
and land. These villages mi^ combine with others to form coo- 
fisdctadcs and accept leaden whose authority was hereditary. Before 
the coming of the Incas, some of there had acquired a kind of feudal 
system, hut it was a system based not on wanion but on farmers. The 
Incas had the sertte, as they extended their mflumfr, to preserve the 
social structures of duir neighbours, while producing a general coo- 
fomicy of design. 

/wiffr>rm titf adminiitr aBon was something like Ai« ; 
SO households under an official, nominated by higher authority but 
raW<ti £rom own number; $o hotaeholds under a higher official; 
too households under an official who was a minor lord; and so on - 
$00,1,000 and 10,000 households. Over 40,000 the tupervisiag officials 
were caDed *Tbey-wbO'«ee-al)'. Above these were what might be called 
viceroys, the govenjon of die four quarters the empire. 

Authority stemmed dixeedy fiom the Inca to the peasant (or vice 
versa, since the Inca was the god-king embodiment of the soil and its 
worken). There was a nobihey, an aristocracy of Inca royal blood, who 
were the keepers of tndidons and who were trained for service through 
an intensive and, one gathers, extremely liberal education. Below the 
govetnors, the tpa-oam, no horizontal intcr-relatkai existed between 
die officials; the chain of command was verncal. 

In August, which it the Peruvian season of ploughing and sowing, the 
Inca and his nobiHty sscramentaUy returned to the soiL The season 
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opetwd mth a festival in which the Inca ploogbed the soil with a goU- 
tipped digging stick. This digging stick, which in the case of the peasant 
bad a 6ie-hardeaed or metal dp, was a long pole, in principle lik^ a 
spade because it had a foot-rest by ttdiicfa the cutter could be driven inio 
the ground. The men worked backwards; the women worked forwards 
breaking up the sods. AH held work was manml sqcc had no draft 
animals. 

Thus the Inca system depended upon the ayUu, the village, which con¬ 
trolled the lands communally. These lands were divided between thoK 
which were earmarked for the Inca, ie. state lands, the of the Sun. 
and those which supplied 6e village itself The peasant tended his family 
plot but at the sowii^ and die harvesting all the members of the ayliu 
wodeed in each other's fields. Hiey shared the work so that tkknen of 
a breadwinner was never a burden on the Eunily. No one in the group 
went hungry unless the whole group was bongry through some fiulure 
of die crop. 

In their cruninal law, the Incas made a distinction betw een two forms 
of stealing. Ifa person stole from malkeot avarice the punishment was 
death. But if he stole throu^ want or necessity, then the official of his 
ayliu was punrshed for his lack of adminismtion which provoked the 
crime. Honesty was a basic aeed. The Indians Icfr the doors of iheix 
houses open a welcome to all comers, but if the owner was not at 
home, a stick was laid symbolically in front of the door and nobody 
would enter. The other cardinal crimes were murder, violence, lying, 
adtiltery, and laziness. This penalty foe laziness was like the inescapal^ 
exactions of our modem income tax. Since there was no money in the 
Inca economy, taxadem or mit'a was in the form of work^ervice and 
anyone who 'slacked on the job' was evading his taxa at the expense of 
his ndghboun. 


aa TBB WOBK LIVIIS 

Apart frrom the nsufructs of the Incas and the priest which wem piled 
up in the tuh^houses of die villages, the peasants had other dtiien- 
(fades in the form ofwock-levies. They were expe c tfti to supply labour 
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for the for the tot^ tot the httilHing of the rope smpaiuon 
bridges across the gocga aad the pnhtic unhdes like the extettskn of 
tetradng, aqoeducti and teurvoits. If for example, a rope suspeosioa 
bridge (Hke that of Apitrimao<haca, which was the subjea of Thom con 


“nie A|Hulmac-d^ - the bridge tbn ooaed ^ Aporimac Biter. 
KaotRi is bcentnie M die *Bridge of SanLnanerMttntoeeefthe 
peaWK ayneering feao of the loest. Ahfaoti^ die fihte cables had to 
be dweLgedetcry two Tears, die bodge fortitedfroa 1400 UDcU lUo. 
Dnwn from a digoenotjrpe taken by E. George Sqiace in 1865 

Wilder's Bri^t aj Sm Luis Rtf) bad to be built or repaired, word would 
be sent by the nmnen of the courier serrice to the tfUus to provide the 
levies. 

Hie recruitment was on a dorimal system. If a thousand Indians were 
needed to cut the agave to get the fibres to be spun into the thick cables 
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ud to uademke the adventurous wock of ilinging the bridge actoo the 
gorge, then each headnua often villagea would be aAfd to funiub a 
hundred Indians. The men wx>uld be immedutdy mustered, for time 



Hie fMipa, at drawn by the laea^paniih chroeider. The 
doouno-like 6gutc to the left loffen die mannet in wbid 
in decimal tyicem of eouDtiug ifaoidd be usdentood 


was the essence ofobedience, and would be marched to the site. Scrupu> 
louUy fair records of such wocfc service were kept in die knotted string 
'ledgers* of the fuipvs. The work in the mines was recognised as a hateful 
form of scmce and the hours of work and the term of duty were 
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comspoiKliogly short. Beiog sent to the mina for longer lermi than 
hy mil’a, of work-taxes. was a form of pi in is hmcn t bw 
not of slavery. All authorities arc agreed thattbcbaiicwotk-philosophy 
was: 'AH should work; none should work coo mud) or too long and 
none riiould ta&t want’ Hiis, the land and the hboui, was the real 
wealth of die Incas, not die gold and silver which, by provoking the 
avarice of die conquerors, destroyed the empire. 

In dns enlightened society there was Ofic law for die rich and one bw 

for the poor, bat in many respects it operated in the opposite sense to 
that in which we apply it today. The aristocracy, deriving their privileges 
from the blood of die Inca royal house, had exempdoni from many of 
the laws which applied to die common people. For instance, they were 
allowed polygamy and cooenbinage while a rigorous monogamy, widi 
the death penalty for adultery, applied to odien. But in Inca society the 
people oftbe tippet ela»cs were given much more severe penalties than 
die lower ebsses for offiaces igainit die mens or ethical laws. An offence 
which would call for die humiliadon of a public rebuke amoi^ the 

peasants would mean die loss of privileges and baiushmait for the noUe 

who had fii W in his exampb; a crime which would be punished by 
nich aidielossofaneyeocanear, among the common 
people, would mean deadi to a nobb. The code of bw of the Incas, 
although it specified drastic punishments, was basically an appeal to die 
coUectrve and die sancrioos td*public opinion. 

As we have seen, in Mesopotanua and ehewbere, the extension of 
agriculture beyond the self-evident arable lands depended u|^ public 
..Htmw pcovidiog common services for groups of communities, which 
could not provide for diemsehres or. if they did, only by rivalry and 
'begpr-my4ei^iboar’. In Pent the ultimate point of reference of all 
public was the Inca h imsel f . In principle and. one gadien, in 

practice, the Inca was respoiuibb for the building of the terraces, those 

hvingpyramidsofbasiniofBOilbewnoutoCorba)]ton,themoun(ain- 
ndes, which even today hold the toil which was acemnukted diere long 
before the Conquest He was responiiUe for the great aqueducts, for the 
iDck reservoirs, and for die irt^arion canal systesm. Woe to die governor 

or the official who betnyed the Inca by foiling in his duty to safeguard 
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dicse systems. Tboe is evidence of instroctiou &om the Inca himtflf 
beii^ carried by couiien to remote parts oT his empire comounding 
specihc aylhu to dear a tpect£c section of a canal 

21. THS ALl'SIBINC 

This sense of die AU>Seeing Inca was maiacained by an 
system of commimicatiotu. In time of emezgency fire and smoke 
were used by lighting diy-cottoo doder with concave mirrors. By this 
means news of some crisis could reach the Inca m Cozco from places 

2,000miles distant in less than three hours. These were just ferewanungs. 

For messages involving more inibtmation. the Incas had another system 
which was the ^stest on eaidi until the invention of the telegraph. The 
lucas had an elaborate service of ehatqui - couriers - «dio could nm in 
relays between Quito and Cuzco, a distance of i»2 jO ■"itot. in five days, 
although the route traversed mountairu d,ooo to 17,000 feet hi^ 
alcinides at which anyone, even without the edbrt of running, would 
su 0 « fri>m shortage of oxygen. They could nm an average of 246 miles 
2 day, which is two and a half tunes faster than the qteed of Roman 
couriers. Even at great heigha they could maintain an average speed of 
a mile in six and a half minutes. 

Modem physiology can account, in part, for this prodigious capacity 
of the Andean runners. We find, today, a people adapted to great hdghcs 
by having much bigger lungs than people of lower altitudes. Dr Carlm 
Monge, the Peruvian biologist, has shown bow they have become 
physiologically adapted in other ways; even reproduction ac su^ 
altitudes is a matter of acclimarisation. 

Lung capacicy was supplemented by extraordinary physical endurance 
which has been accounted for by the chewing of the leaves which 
provide cocaine. The drug ^psteocly made them iRsensitive to both 
fiutgue and hunger. The worshipful tide held by the queens the Incas 
was ‘Mama Coca’; the qualities of the cocacoci plant were prticd by 
the Incas as ‘a solace second only to women’. 

Just as the Romans their grip over a far-flung empire by 

an elaborate system of roads, so did the Iiscas. The Roman system 
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covered ifi.ooo miles through Europe, the Middle East and Africa, and 
chat of the Incas, through the fetbiddiBg mountains of the Ando and up 
the entire lei^ of desert coast, totalled over 10,000 <^aU-weathcr 

highways. Baron von Humboldt has claimed that as an engineering 
feat die Inca system surpassed that of the Romans. 

There were two main arteries. The Royal Road ran through the Andes 

from beyond the Equator, south throt^ Ecuador. Peru, Bolivia, 
Argentina and Chile - a range of thirty-fix degrees of latitude, or 3,230 

miles. This mako it longer than the Roman road, from Hadrian’s 

Wall, ndiich divides England from Scotland, to Jerusalem. The Peruvian 
coastal road b^an at Tumba. three degrees below the Equator, and 
ran through the Uistering desert, 2,520 miles, deep into Chile. In addition 
to these arterial roads there were hnk-roads, into and across the moun¬ 
tains which were prodigious fracs of engineering, shelved out of the 
mountains, traversing gorges and in one case climbing to a height of 

17,160 feet. There were roads to the mines and there were military roads, 

like the one which was pushed 400 miles through the mftiinrqj nT. a road 
of nu toned stone, for the purpose of subduing a tribe of Chancas out¬ 
laws. 

The standard width of the Inca coastal road was twenry-fbur fret. It 
was not metal-surfaced because the desert soils could be packed hard 
enough for the foot and llama traffic, and wheeled vehicles and iroo- 
shod horses had not yet arrived. But where the road passed over marsh¬ 
lands it was soHdly built on a raised causeway and it was flsn kH on 
etcher side by walls to prevent sand-drifr and to contain the formations 
of inarching soldiers. Another feature of this road-engineering was the 
remarkable drainage methods sriuch were embodied. 


Even the Conqueron had ungrudgingly to admire the road system 
and to concede not only the ingenuity of the Inca’s eogineen but 
humaneness. Ihe roads, as de Leon wrote in 1350, were constructed 
’without increasing the death race or causii^ excessive labour’. Again 
each ayUu and each province was responsible for their «rrionf. under 
the diiDctioa of the professional road buildcn who did the tueveying and 
gave the instructions and lefr dse local groups to complete dse job under 
the distant AU-Sedng-Eye of the Inca. 
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[n essence chese were miltary coids, bat for pacifiation, oot &r wars 
of conquest. Use armed police force, dte profistional army, never 
Bumbec^ mote than 10,000. This was sopplemeBted to tuna of danger 
by a civilian nulitia, automaticaDy supplied by the aylha. 

Just as cetnarkable as the citguicering work was the system of posts. 
Apart from the relay posa of the Jus^i. which were one aisd a half miles 
apart (aD each courier was expeacd to run) there were umpu-ckuna, or 
inns for aavdlcn. The main room of such an inn was horn too to joo 
feet long, and )0 to 50 feet wide, with private apartments adjoining and 
continuouily replenished feod stores. ThcK inns were built and serviced 
by each lomliey and were maintained at the expense of ihe Inca - a 
l^get’ transaccioQ by which fee mamtenance and supply of the inns 
fated as pan of the work-service tax. 

23. WELEABB STATE. A.O. IjOO 

Hk soil bdoDged to fee community of the people, but the metals 
b»«T>Mfh that soil belonged to fee Inca. Since there was no convenioo of 
that metal into coinage, 00 one could possess metal except fee Inca, and 
t bftff to whom he del^ated it fer fee purposes of oenamentation of 
temples, etc. Thus, alfeodgh fee nobahey might have fee perquisites of 
feffr position in fee feape of eoncubioes, rich clothes and princely 
feey had no mstetial wealth. They were lasxdlords not 
land-owners and had no boarded wealth. 

Prescott, who in general justified fee Conquest for rdtgious and 
romantic reasons, was neverfeeleo cemstnined to ay: 

*If no man could bccomc tidi in Peru, no man could become poor. 
No tpeodthsife could watte his substance in riotous luxury. No ad¬ 
venturous schemer could iit^vcrish his femily by the spirit of 
... No mendicant was tolerated in Peni. When a man 
was redtKxd to poverty or misfortune fit could never be by feule) the 
arm ofthe law was stretched out to administer relief. Not the stusted 
relief of private charity nor feat vfekh is doled out from fee frozen 
resetvoin of "fee patith” but in geiwrom measore, bringing no 
humiliation to the ol^ect of it and placing him on the level with fee 
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rat countrymen,... AmUtioo, avance, the love of change, the 

morbid spirit of ducootent, those passiont whidi most agitate the 

rnindi of men. found no place in the bosom of the Peruvian,' 

After the Conquest, mit’a, the work service-tax of the Incas, became 
forced labour fw the CooqtierMi. In the land whete ‘all should work; 
none should work coo much or too long', the slave worked a 

cwdvtshour day on a six-months stretch. In die areas of Lima and 
Chancas the number Peruvian Indians from i,4$o,ooo in 

I5di to dia.000 in 1734. Men and women, young and old, were forced 
to work in the mines without rat and a people whose dvilisatkm had 
made hunger a crime were allowed a pint of maize a day. Outside the 
mines, a people -who had shared the wealth the soil became debt- 
slaves. eventually to be forced off the land and into the factories of the 
later industries. 

Pretexts for conquests can always be found in history - if the history 
is written by the conqueron. But the toil speab more eloquently than 
the written word: of an Inca population which lived in with 

nature, a pcqmhdoD probably greater than diat which exists today, on 
the same land, using the same waten. None was in want, where 
ace today impoverished. Rom generadon to generation the resources of 
the soil inermsed, where today they are diminished. The of the 

Incas practised that philosophy which says: ‘Live as though you would 
die tomorrow; frrm as though you would live for ever.’ 

23. KOU THB INCAS TO THB BSKIMOS 

From the h^ altitudes to the high latitudes; from the tropical heat 
of the Equator to the snow*<oTercd barrens of the Arctic. 

As for as one can judge, the Etkimot, as we know them today, were 
comparative late<omers to the Americui contmene - much later 
diose who filtered through to Central and South America. They have, 
however, been there for at least 4,000 years. 

On foe Firth River, at a spot about 20 miles from foe Beaufort Sea, 
there is what OtR. MacNeishofthe National Museum of Canada has 
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oiled cbe ‘Gnad Ceotnl Station of die Noctk’. HKTe, at a caribou 
crossng, have found cbe rdics of at least nine difeenc cultures. 
Over 8,000 arti&s were discovered in one season's digging > tmpl^ 
mencs oTbone and stone, scrapers, arrow-beads and pottery. Some were 
in dcsigD with diose oaeatthed in eastern Siberia. This sice had 
obviously been a £svouriee stopping place for a whole series of great 
migratioQS across the Bering Sctaiis and into the western heoiispbere. 
And for a very simple reason: dns, &r uncountable centuries, was udiere 
die cariboo deer &rded the river. With the blind constancy of the 
natural compulrioos vdiicb remain die feature of canbou-migradoos, 
the had difough here year after year and all that suc¬ 

cessive bunten had to do was to wait for them. 

Ute 'Grand General Sotkn' had probably been used also by those 
immigrants via the Bering Sctaics, eaxHer travelled south to become 

the Sachem Indians. But there are two main migrations of Eskimos. 
They have br-n generalised in the categories of the 'Dorset' and Thule' 
cultures. The Thules have been regarded as the diiea ancestors of the 
preaeat aldioQ^ some authorities identify the Thules with the 

Tuniti, whom the present PfltinM'** claim to have displaced. On the other 
Kunit , audiorities argue diat the Tnnits were in fKt the Dorses 
people. 

An organised by the Arctic Institute of Notdi America, 

together widi the Untvetsity ofPennsylvattia and the Natiooal Museum 
of nmp^^j excavated a site at Alamek on the northern tip of the 
Mdville Peninsula where;, as at Pingeritalik and at the I^oolik (69* 24' 
north, 81*49' '■test) were honcing villages of die Tunits of Eskimo lore. 

Alamek is aoo miles north of Arctic Circle. There the site revealed 
over aoo bouses built in terraced rows. They were rectangular and quite 
large, twenty by forty-five feet, m contrast to the round houses of the 
modem The bouses were heated by stone indoor firej^es 

and were lighted by ^ lamps. One can assume that die inhabitants of 
the site always built on the water's edge and that die bands or terraces of 
'real etate' indkace seven difTcrent areas. As the water of the tea re¬ 
treated, the Eskimos buili on lower ground. The highest row of bouses 
on terraces was 56 fieet above tbe proent water level and the 
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bwest was M ftet higher. Drjorgen Meldgaard ofDeaaurk. of 
the expedttiofl. reckoned dm ic would take the sea about 2,000 years to 
recede that much. This would indicate that Alamek existed as a setde- 
meat at least 3.000 yean ago and it is significant that, in the lower row 
of houses (nearer the sea) the older implementt and relics of the higher 
tows are found mixed widi 'foreign* arte&cts - those which had not 
belonged to the culture of the higher setden. Presumably, therefore, the 
original people were invaded and displaced by another people and that 
presumption, in turn, lines up with Edrimo lore of die Tunics 

driven out by the anceston of the present 

24- LOBI OF TBB LONG NIGHT 

The Eskimos have had in die past no permanent langu^e - no K«y.k s 
or ablets - but they are great talkers and they have, of course, plenty of 
practice during the Long Night (the sunless winter) so dut their legends 
are retold &om generation to generation and are &irly consistent 
although, of course, they are weQ embellished with colourful exag¬ 
gerations. 

Throughout the ndsole of the Arctic and in Greenland the legend of 
die Tuntts b wdl repeat e d. Some accounts makf them a race of giants 
C Tuttii’ in Eskiino means ‘big’). But their soeb probably just the natural 
exaggeration of a race which b diminutive itself and would like to riimV 
due they had beaten bigger fellows. The aocoums, however, ^ree chat 
they had extraordinary strength and fieemess. Tins in &ct b suj^ioned 
by material evidence in eady settlements. Theb strength tt'fm 
to cany great rocks and heavy burdens, and Awt fieetoess wnhUf t hfm 
to chase the caribou deer oo foot, outstrip them and kill with 
spears. The remains of the early habiutioQS certainly include huge toda 
and there b evidence of thrust-qsean but not of bows and arrows. 

The relics on the retreating beaches (as at Alamek) also underline the 
stories of the present-day Eskimos about how the Tunis had no boats 
and were walrus-hunters and nor whale-hunters. Nor had citey any dogs. 
Stripped of the mythology with which the stories have nati^ly 
ornamented <- ono-legged, one-armed men; monsten with enormous 
bellies; one-eyed goblins; spirit trappers, lurking tuKler the ice; were- 
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wolves and giants - the iegeods obvtoosly have some ethnic autheu' 
odty which is only now being disentangled. 

Among the 3,000 implemom lecovcted at Alatnek were tools, 
weapons and artwork from flinr, slate and walrus ivory. Hiere 
were no bows and arrows but ipean and harpoons and tso sign of 
boats. Surprisingly, then were the remains of a few wooden imptc- 
mfn»T One says that k k surptitii^ because there it not a tree within 
800 miles of Alamek at dse present day and it is difficult to imagine where 
the driftwood could have come 60m a,ooo or 3,000 years ^o; aisd, of 
course, dsere was not the flotsam and jetsam of wrecked ships ftom 
which, in recent oentoiies, Eskimos have contrived wooden implements. 
Ihis raises very interesting speculacioo ss to whether, when diis culture 
dtere were trees ^ beyond v^iat is now the northern limits of 
treo'growmg. 


as. TBl corrsK bskimos 

One whi^ to cottfinn chat the Dorset and Ttmit people 
were one and ffie tame was chat the early people of Alamek buried their 
and used gravel mounds the rock burials of the Thule 

Culture. This raises other interesting questions. For example, the eastern 
Eskimos in Baffin Island and other areas, and rise Alaskan Eskicno*. have 
<< i< rwnirphyricalaBdlingmtac rhar a amsties from the Central Esbmosi 
a T flan A»f is more likdy to understand the conversation of the 
Alaskans rKan (he Esldmot in ffie centre. These Central Eskimos are 
also, on the average, caller and better looking. That ancestors have been 
vagtiely described as 'Copper E«lfimn« ' and 'Catibou Eskimos'. Such 
names are dmcriptive radier than explanatory, b suggests rather that the 
later migrarin ns (ravaDed in an arc south of centre into the eastern 
Arctic, byopassing a race in the centre. As we have seen in discussing the 
of the Sooth, there b a plausible case that some of the migrations 
out of Asia frrdier away chan Mongolia (Im example, the Iranian 
plateau) and were of a type, at least iligjidy diftetentiated from the 
sliotter, squatter, heavily lidded Mongols. Thb might explain the Tunite 
and die di&cences in die Central Eskimos who may be the survivors of 


TRB 8XIDCB 


*57 

tbe Dorset Culture, and not, as some have suggested, of a later 
which simply filtered into the centre. 

At the tip of tbe Melville Peninsula, near Igloolik. Atat are some 
tyi^ Thule houses built from stones and whalebone. I taw such houses 
much fiuther north on Cornwallis bland. In tbe pernufraic foundadotu 
of one house at Igloolik was £bund astote of froaen refrigerated 
counticsi centuries ago. The Fakirntw, who have periodically excavated 
such whalebone houses to get weathered whalebme as sleigb^oetngs, 
daim that the Tuniis did not use the bones of whales, which they could 
DOC hunt without boats, and dm would appear to be another argument 
why the Tunits were the Dorset Culture people, and not the sea-going 
whale-hunting Thules. 

Historically and geographically there bat been a dear divido^ line 
becweai the Etkimot and the Indians, It u the tree-line. That it where 
tbe forest ends. Tbe trees thin out and shrink until, at someone has said. 

they ‘get down on their knees and crawl’. ^TiHows become vina creep* 
ing over tbe groimd. And finally they disappear altogether. 

This tree-line wanders very erratically across <^-ana< 4 a from widua a 

few miles of the Arcdc Seam Alaska and the Yukon to latitudes south of 

that of Edinburgh on the Hudson Bay and Labrador tide. Beyond that 
tree-line, to the notdu lie the Barrens, the great snow deseits which 
have been the habitat of the Eskimos. Rarely, if ever, have tbe 
ventured beyond the forest line and just as rarely have the 
ventured into the fianeas. When eufaer has done so - in pursuit of the 
caribou, for example - there have been conflicts. And as frr as oise can 
judge from the accounts, the Eskimos have invariably lost, or at least 
have retreated before the Indianf, This is remarkable since the BfUnioi 
are a people of extraordinary courage; but they are abo a people who 
have no word in their language for ‘war’ or for ’battles’. Thw who 
admire tbe Eskimos (and I am one) would like to diink^ that one of dte 
reasons why the P-slrimos have perssted as the people of the Barrens 
instead of migrating south like the other Indians b due to thu peaceful 
characterude of chein which made them prefirr their own hfr to conflict 
or imponng their will by force on others. 
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36 . SrONB BCI MICHANICS 


One *«ng is maai&idy tree: thit their life in the Barrou and in the 
Arctic biaiids has cooden^ them for thoasands of yean to an existence 
whidi his hm hazardous and precarious. It has dsea a hunting 
people. In parts of die Arctic die twentkth century was contemporary 
with the Etkiino Stone Age. Around the coasts, Hudson Bay, Baffin 
etc., and in Greenland and Alaska, the Eskimos had bad contact 
with die White Man fbt sevctal centuries - the fiaben, the whalers and 
the sealers. But, in the centre, many of the Esldmos had never met a 


white until thicty years ago. 

1 myidf know Esfciiaos who dnity years ago were Lving completely 
indie Stone Age. About chat time the Hudson Bay fur traders, followed, 
as always, by the misssoiuiia made their first contacts with these people. 
They were banters of the caribou, the musk-ox, the walrus, the seal and 
dtf whale, and they hunted them with weapons which they had to 

contrive out of difficult materials. 

The T- tVimn bow was a powerfiil weapon. It was made in secdons. 
In some cases diey would take matching antlers and join them with a 
third section which they would rive* with bone. Deer sinew was 
stretthed along the upper and lower sida and the whok bound with 
noew. Another typical version was the laminated bow. This would 

consist of a long strip ofbone to form the upp« and lower sur&ces, with 

ihocter sectional lengths sandwiched in between. Hiis would be inter¬ 
larded with sinew; bomd with sinew, and with smew as the bow-string. 


They made the best oftbe material vditch they had available and, if in 

bter they found jetsam with nails, they would use diem as metal 


rivets. The Eskimos ate masters of improvisatioiL 


Having no metals (except for some native copper along Coppermine 
River in the Central Arctic) they were wondfffol artificers in bone. 
Their snow-knives, for slicing the blocb of mow to nuke thetr igloos, 
were like scimitais tusks; ffieir hammers werc deer 

aotlecs with the blunted. They contrived harpoons and fidi books 
out of bone. Huy thetr basins for th^ oil bmps out of 
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soapstone and tipped their spears with datrf or flint. 

To reduce the bliadiog glare of the ton on the white snow they made 
spe ct a cl q of walrus bone in which narrow slits (tboot an dghdi of an 
inch broad and an inch lon^ were cat. k it remarkable how effective 
dsese slit>tpectades are. They give a sotpcuing range of vision while 
reducii^ the glare, and have advantages over snow glassa of sophisti¬ 
cated modem types. On my Arctic travels I found conventional gUc... 
quite useless because the breath &eezo on the lens and blacks^t vtsioa. 

Having tried the Eskimo bone type and being unable to beg. borrow 
or steal a sec, I took a pair of sun glasses, cut similar slib out of the plastic 
lens with a razor blade and covered the leas with surgical stickiiig platter. 
The result was cndrdy effective and. what is more, I got my companions 

to autt^ph the spectacles, as if sigtung a plaster-cast, and I coi^ con¬ 
template the Arctic through my friends. 


27. SNOW XNCINISBS 

Although it is obvious that the Eskimos at various tima have con¬ 
trived houses out of stone, turf and the skdetons of whales, the igloo, 
the domed snow house, is their architectural adiievemenc. As snow* 
engineers they are superb. The technique consists of finding a patdi of 
firm snow, of depth and conssteney, and marking out in it the dreum- 
foretice of the igloo. With their snow knives they cut snow bW ki and 
remove them by the simple device of using the toe of their mulduk as 
a wedge and splitting the snow along the lower plane. Hiey then 
arrange the blocks in a circle - cutting them always from inside the 

intended mow bouse. When the wall is of three or four blocks high they 

slice it do>vn like a curving transom. 00 which they lay the next nmw 
blocks so that they coil into a ipiraL In this beehive structure there 
remains eventually a gap at the summit of the dome, for wdiich they 
fashion a key-block, which locks the whole structure into position. They 
fill the intersti ce t between the blocks with snow. 

The builder has ’built himself in'. At the base of the wall he cuts him¬ 
self an escape hatch, which becomes the door, from which he constructs 
a dog 4 egged tunnel, with its oudet turned away firom the prevailing 
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wtod. Insiie, tlu removal of die toow blodc bn tc& «senu-drcuUr pit 
Tlx remaiiiiiig are it built up into a snow bed on whkb u laid thick 
layers of fur on which the Eskimo funily net or lies with thdr legs 
stretched out to ease die blood drculadon. The pit traps the draughs. 
The heat of the stoves and of the human bodks keeps the i^oo tcaion> 
ably warm. This sorprites only diose people who chink of the igloo as 
an sco^iouK, instead of a tnow*houK - forgetting that the snow is full 
of ait which acts as an in fnlamr against the cold outside. 

One of the tricks which is played on a tenderfoot caking the Arctic 
Survival Course b to put him into an igloo built by on Eskimo guide 
with grim warnings ofearbw monoxide poisoning from the stove, 
leave him to ventilate it. Invariably the novice cuts a bole in the apex of 
the and then himsclfin the middle of the night gaxing at an 

opm expanse cd*sky. The reason b that the beat generated in the igloo 
zooms through die hole and by mddng the snow, enlarges it. No 
would make that mistake; he makes the vendladng hole well 
down the curve of the wall where die upper hot air mixes with the cold 
drai^cs from die doorway and goes out co^ 

Igbos can be very commodious and eight to ten feet high, but abo. 
of coarse, diey can be built in serks and joned by snow-cunneU. A 
frsisly can inhabit one for the whole of die winter but it b no great 
harddiip for an F-«kinvi to rebuild an igloo - one of my guides, antici¬ 
pating a blizzard, built a snow^touse in thirty-five minutes. 

In modem Arctic setdements, incomers devise all kinds of structures 
to die conditions, but in the end they come back to die dome, 
whether diey use modem plastic materials or not, because manifrstly 
the aeperience of centuries must have some validity. 

Similarly with dodies. As hunters, die Eskimos hid no frbrics and no 
alternative to pdls as a form of clothing. They arrived at the roost 
cfrwttve answer. Hieir iiwer shiio and pants were bshioned from the 
soft frin of the deer-frun, with the frit turned to the dcin. Theit outer 
gannents svere of caribou, wide the fur outwards. Their boots 
were seal-skio. which gave t grip upon die mow. fur hoods provided 
tbe headgear, and r rim™ne* wohretme around the hood provided 
procectioa blizzards, because thb fur has a peculiar quality of 
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get rid of it AU dodus were loose. 

When White Man <yt compeUed to go to the Arctic and had to dress 

for the coiwimoni, they naturally regarded the Eskimo dress as prittitiw. 

They invented Arctic outfits. One type constted of a kind of boiler suit 
made of nylon fur, vridi rippers. The result was disastrous becauK the 
rippers froze and the victimi found thenuelTes sealed in their suits and 
stewing like a casserole in Aeir own body juices. (Thai b somediing one 
teams in the Aroic: that more dangerous even than the below-zero 
external temperatures is one's own body hean A sharp sAxkI, and tbe 
result can be deadly.) So they had to learn that the ‘slof^’ loose-fitting 
cloches of the Eskimo had die tinctioit of the wisdom of 
When an Esk i m o, running after his dog team, finds himself g^n g 
overheated. aUhehastodoistofiaptbe slack hem of his parka and hu 
body-steam escapes through his loow collar. 

Tliis sort of thing, and much else, newcomers to tbe Arctic team by 
bitter experience. That b why the Eskiino a enticled to call himself 
ifMUiir, the Real Man. as far as hu familiar Arctic b coneetned. 

aS. WHIT8 man’s ?Ar 

Here b a race which has never had the material ooncomitants of a 
settled civilbation - no accessible metals to bring out of the Stone 
Age and no crops tfarou^ which they could ^ve become tillers. In- 
sttnctively they have used as food plana, whkh, though scarce, grow 
in die summer months. Their only firuit was bilberries - die one thin g 
which would give them sugar. (They are, as fisr as I can judge, almost 
the only race vidiich hat never had an indigenous form of fermented 
drink, because they had no source of plant carbohydrate and, in the 
aseptic cold of the Nordi, no micro-organisms to produce ferments.) 
Th^ food, therefore was entirely animal, but it meant that they took 
their body sugars in tbe form of fats and had all their vitamins already 
packaged. Hsh oils, for exam^ stored the summer sunlight in the 
form of Vitamin D. Theb primitiTe food ecology might have been 
hazardous - feast or &mme - but it was adapted to them and to dwif 
conditioos. Their eyesighi was the finest in die world (it had to be to 
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surrire in the Barrens) and dseic teeth were the finest in the world; this 
wu due in part to the conpactmg of their teeth by the hard wotk they 
gave them: the women chewed the pelts to sofiea them; the men held 
their implements in their jaws, and all of them had to chew raw meats 
and fids. 

On a Tiv^e«l tour of dw Arctic. I travelled with a fiying dentist In 
hti temporary nirgetiet the only dental trouUes which he could find in 
anyone above teenage were traomatk •' a broken tooth - but no caries. 
In dse old people teeth were worn down Hite those of an old dog. 
As I looked at the heart-shaped fiKcs of the young Eskimos, I asked him 
when the bone formatioa started to change to produce the square jaws 
of dse «/Inlw He pointed out dut (here was no bone change; that the 
squarenea was entirely due to the devdopment of dse muscles - because 
riv-y used their jaws as a third arm to hold their snow knives, their fish 
lines and even dteir dog rdns. 

Among the young, however, there was evidence of caries and even 
of defective eyea^c. Invariably the case history showed that the 
youngseen had bm to misaoa schools where they bad had White 
Mas s diet This is becoming mcreasingly true of the adult population 
as wdL They have acquired a taste for ‘White Man's Pap' - flour, sugar, 
lard and goods. They have also acquired a caste fisr ‘hard liquor'. 
They have oontdved own hellish brew - usng dried fitnes and 
baker's yeast to ferment a hooch which has fatal results. 

Ttke life of the Esbmo hat draiacally changed in this century. Although 
there were die early contacts widt dte White Man around the coasts, 
the associations were through hunting and fishing - things they under* 
stood. Then White women discovered a liking for white fox fur. This 
it the only fur of the Eskimo’s Arctic. The vogue produced 

a revolution in dte Eskimo way of life. The traden persuaded them to 
become ttappen and, cansequently, to reduce dseir hunting. From their 
trap bikes t^ could gee die fun and, accordingly, the credits which 
could obtain for dimi the store-foods and storo-goodL They could have 
guns to hunting easier and, kter, they could have outboard 

mocoa to nuke their fishing and sea-hunting easier. They did not have 
to go ranging fisc hundreds of miles in search of cariboo. They could stay 
nearer to trap lines, to the settlements and to the fur-posts. 
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It all depmaea oa the value of tLe white fox. Before they reaHiea 
that, however, the Ejldmo wai already cxugbt up n White Man’* 

economy and had become the victim of iL It wa* hard for the Etkimo 
toundentand that a white fox for worth fifteen dollars at the «ore one 
year was worth only fiwr dollars the next It was not easy for the traders 
to explain to him that hi* family had to go hungry becaw the whim of 

the White women, thousands of miles away, had changed towards the 

white fox. Theoretically he could go back to the hunt, but it was not» 

simple. The ^ had given him a quicker and surer me>n| of Idllisg the 
caribou, but in a bunting economy that can be a very bad thing. The 

massacre which producs the foast of one season can produce the fomine 

of the next. At the beginning of the century the caribou population 
ranging over 600,000 square miles of the Canadian North was 
at 1,750.000; today it is officially reckoned at about 300,000. 

The Eskimos in Greenland have had contact with the Danes smee the 
tenA century when Eric the Red first called it by that name, and when 
perhaps, at least in the south, it was a‘greenhnd’. But the closer associa¬ 
tion. which now mclodes Eskimos in the parliament of Denmark, 
back about 350 years. The result b that very few of the or^nal strain 
of Eski mo s now exist and the otben called themselves 'Greenlanders’ 
and not Eskimos. 

Something similar happened in the western Arctic when the 
Americans took over Alaska firom the Russtans. 

39. STOHS ACX ATOMICS 

The Eskimos who have been less exposed, uncQ recent times, to 
White Men’s cultural influences, are the to,000 or so of the r'3n..lUw 
North. Now the impaa has bit them and hit them hard. They have, in 
the space of a couple of generadons. stepped oat of the Stone Age into 
Ae Atomic Age. The grandson of dlie spear-hunter of thirty yean ago 
may still use hu ancestral sledges and dog teams on hb treks across the 
snow-desert, hut he takes wiA him a geiger counter to find uramum. 
and a wireless tecetvet to keep in touch wiA Ae itews. and wiA the 
sojJusdcated music of the modem world of which he feeb himself in¬ 
escapably part. The Eskimo child, though he may never have seen a 
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wheded vehicle, like a train w motor-car or a band-cart, can identify 
the tTpes of aircraft flying overhead. The hanlct-trapper of a few year* 
ago has discovered hinniJf, and has been dbcovered, to be a first-class 
mechaaic. 

He bdoogs to our roerhanical times because he is the heir to his 
ancestral To survive in dse Arctic he had to have a blue-print 

mttui, recording subconsciously 4e vesdgcs of his snow-covered land- 

acspe. He potKssed also chose manipulative finger skills which made his 

ancestors the matters of UI^>covuaoon. The combination made him a 
'natural' u a mechanic. 

This in terms of the Bikimo, dot we have a race which has 
cnlturally leap^ogged aD those phases whkh we have traced in the 
development of odier civilisations. We most make no mistake about it: 
the a« a dvilised people, akhougb theft culture has not given 

material exptewon to diii, I£ ss it must, the Fnwca North is to become 
partof out habitable and devekped world, it can only be by a conscious 

partnership beeween Imuit and Kstloww, between the Real Man and 
the White Man. because both are taking short cuts in d>e Arctic and will 
lose dieit way srithoot each other’s experience and help. 

Pedups we can find some confidence and reassurance in the £sa that 
the first of dw Senate of the new State of Alaska was an 

Eskimo. 
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Hobnaib of Chiualry 

ICiag Aidwi‘t fword. ExoKbur. 

Wroo^t by the looety of the T. tV *. 
Nine you die wrot^ k, Mug kk (he decf« 
Upon the hidden hues of the hOb.' 

M»rttfi4rtbrby io>D TIMKYION 


I. COLTOXAL CUMMIKBOND 

By the year 500 s.c. civilisation, ia die tense of dty-coltures, exteaded 
watwards from the China Sea to the Atlantic and. if we are to believe 
the evidence of the Mayan calcndan, to Central Ametica as well. It was 
a kind of coltural cummerbund, round the waist of the globe. North 
and south of it there were still the barbarian peoples. 

The character of die dvihsatiom, however, has drastically changed 
we left them in the Bronze Age, or, as one might call it, the Sod- 
City Age. The dty-cultutes of die alluvial plains had waxed and waned. 
The ancient dticsofthe west, though not those of China, seemed to have 
lost any capadty for progress and had become increaan^y 
They had in lact reached die hmia of thdr technology and were the 
hosuges of theii enviromnent. Although the framework of dvitiaed 
life was maiwrained, the cnfts, an and literature had become cooveo- 
donalised and religion, vdiich had passed through the stage of rational 
compromise with nature, bad become buried in an man of 

ritual and h ad , in fret, reverted to supenddon. Much had been lost and 
forgottoi and astronomical observiiioo, which had been kept up and 
had been developed, had been cotmpted into astrology, and die sdenecs 
had increasingly become cults. 
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The other cotrupdng mflueoce - whidi was to become even worse 
ID civiluadoDS which succeeded them > had heen the increasing un> 
portance of slavery. Slave-caiding upon other dries, or more eanly and 
prohtahly, upon barbariu tribes, had become an accepted practice. The 
fTcirtMige of the landless and rightless slaves bad a setiow effect on the 
conditions of (be ffee worken. In compedtion with slave labour the 
peasants and the crafonien had little incenthre to improve their tech¬ 
niques and the growing opper dan treated all three classes as menials. 
There was a sqnradon of brain-aristocracy and the ruling nobility 
from the practical probleiu of bring. Mathematics, astronomy and 
tnedifing were indulged in as intellectml cxexdies, althongh, as we 
have seen, they derived from the observations and expedieno of those 
who had wosh to do. Moreover, the e&cts of slavery undermined the 
seenrity of the dty<akorcs. The more a city depended on slaves, the 
less it was able to defend itself. Oppressed freemen and depressed slaves 
had little to gain or to lose by die change of masten - bke the Jewish 
slaves in Babylon, welcoming Cyrus as a bbetator. 

The great revolutionary £sctor, however, in the change in the 
rhawftfr of the civilisadons was the introduetkm of iron. The wide¬ 
spread availal^ty of a moch more common than copper or gold 

or tin, changed die conditioas of war by providing weapons more 
readily. The war-like aspects of iron, however, were almost inridcnral 
to the chai^ in technology which ocoizTed. It opened up whole new 
areas to agticukore. The ^ is too often overlooked. 

to the alluvial plains, the open lands of silt-deposited soil, culdvadon 
was relatively widi wooden implements. Coodittont were vastly 
(bferent in the stony upiinds of Asia Minor or in the forest belts of 
Central and Northern Europe. The earlier uses of metal had been 
essentially for the luxury products of city life and for arming the body- 
gnards of the aristooacy. Bronze bad always been too oepouive for 
oetbnary people who had had to rely for the most part on stone implo- 
mens from dieii Stone Age ancestors. Iron, however, althou^ at frnt 
infiaior to bronze, could be mined locaQy and worked by village smiths. 

The efiwt of the abundance of die metal was to open up whole new 
to agriculture. Forests were axed, swamps were spado<d(amed 
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and the retailing dearingt could be 
plou^ted. The rocky upluds, ^iduch 
would have defeat e d the retourcei of 
the earlier peasana, could now be 
mastered with itoD-tbod unpletaents. 
Europe could now ^ wheat 

land. 

This had ijuite a drastic e&ct in 
altering the b a l a nce of power between 
the dry fiuming of the western coon- 
triet and the irrigatioa culcivatiom of 
the east. Apart from the expansion 
nocthwardt, with culdvacion in the 
dearingt of the European forest*, the 
iron revolution was important even on 
the doorstep of the ancient dviliaations. 

One does not usoaOy think of the 
efiectsofiroo on the shipping of these ancient rimes. We tbinV of iron 
in terms of the iron ships of the nineteenth century. But the effect of the 
new tools in the shaping and building of slups drasrically altered the 
geography of the attaesu world. 

3 . TtOJAN aOASB'TKADIlS 

We have teen bow the Cretans had taken the initiarive in shipbuild¬ 
ing in earlier time. The breaking up of dteir sea empire, first by t^ Und-> 
bated Mycenaeans and later by the Achaeans feom the Balkans, was a 
sign for piracy and the of dries by Iron Age barbarians. This, of 

course, was the mgloriout story of Troy which Homer maffe glorious. 
When Helen’s face 'kunched a thousand ships’ and gave ui the great 
romantic story of The IJuJ, it was no more chan pillage and counter¬ 
pillage. The rude anceston of what we call the ‘classical Greeks' had 
setded on the inhospitable islands and on dte mainland of Thrace and 
Asia Minor. They already theii god Hephaestus, later the Romans’ 
Vulcan, as thdr deified form of the ironimith. Ships had brought there 
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islaoden of Lcraot into conflict, and oo occasaon combinatioo, with 
each other. The excavations of Ttoy have given hatorical substance to 
the Homenc legends, but it is a history of a dash of petty chie6 and 
brigand lords. However, pillage and piracy not only strengthened the 
resources of die islands; they created, in the Levant, die technique of 
sea-trade. 

From die hinterland of the older civilisations came new Iron Age 
peoples. The Hiitites, the Assytiaiu, the Midianites, and, as we have seen, 
the Persians, found the eflete dty-cultuies of Mesopotamia and the Nile 
an easy prey. The Iron Age ako comdded widi the development of the 
cavalry horse among the people of die steppes - the barbarians on the 
ootddtts of dvilisation. 

The growth of inatitiinc does and of se»-gdng peoples, like the 
Phoenicians, meant colonisation along the whole of die Mediter¬ 
ranean and adventures as &r ahdd as Cornwall, in distant Britain. In 
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600 i.c Necho n, one of die last of die native Egyptian Pharaohs, com- 
a captain of die Phoenicians, whose diips by this time were 
stadoDcd in dK Gulf of Suet, to tail around the continent of Africa. 
According to Herodotus, this remarkable journey took three yean. 
Another Carthaginian, Hanno, made a voyage aloi^ the north-west 
and west coast of Africa about $ao (.C. with a fleet of sixty ships. 

3. laST UOVBS WEST 

Carthage was founded hy the Phoenicians about Saa B.C or some 
seventy years beflxe the founding of Rome by the Etruscans in 733 &.C 
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(Tlus raises the longH^ebAted questico as to whether the Etruscans were 
not thenueJva Phoenidans.) The PhoeaidaRs from Tyte and Sid» 
had already founded, in iioo B.C., the dey of Utka, wbichoccuf^ a 
site at the mouth of the Magada River in north-east Toniaa. Other 
dries founded by dtem about the tame time were lixus, on the Moroccan 
coast, and Cadiz, in southern Spain. Then in an upheaval in Tyre fm 
S 32 B.C) a party ofreft^ecs fled under dre leadenhip of a princess called 
Elissat. She was the daughter of the king of Tyre and has been identified 
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as Dido, vdso was immortalised for us by \^tgiL She is said to have fled 
fi^m her native dty after Ikt brother, on succeeding to the throne, had 
murdered her husband for the sake of his wealtL Virgil tells the story of 
Aeneas and his followers escaping fiom burning Troy and nuking tbdr 
way to the coast of Afnca. He tells of die meeting between Dido and 
Aeneas; how she foO madly in love with him and how, when be came 
to return to Greece, she built a great fiincral pyre and destroyed herself. 
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This is poetic Ucence with history, for Troy mnst have been 
icstfoyed at ks« 3 «> y«»* 

In the bepwnng, ^ Carrhaginians and the Etruscans were dose 

so dose ra foct. that Aristotle alleges diat they had combi^ 

destroy Greece. The first treaty of fiaendship between Ca r thage and die 

Rome of the Etruscans is said to have been signed in 509 B.C. and, accord¬ 
ing to Livy, a embassy came to Rome in 340 B.C. Thirty 

years later the Etruscans were defeated in naval battle by the Gtcdc 
colonists of Syracuse at die same time as the Gauls invatW Italy firom 
the nordL Etruscan power vanidicd. die Romans, or Latins, emerged 

as foe iiusters of Ittly. and Carthage not oidy lost an aUy but discov^ 

an enemy. 

Around joo B.C. Carthage was a metropolis of grandeur and pomp. 
U contained a great fortress, imposing temples and many magnificent 
It wti encircled br a triple line of fordficadoia and im- 

mediatdy above the towering walls were tows of tall houses si* storeys 
hid, on either adeofdiree streets which led down to the harboors. Its 

lUwbs had beaurifiil villai and lovely gardens, the homes of prosperous 
naritime traders. Its populadon numbered more than 70.000. It had 
Kbrarics, ba d«, Ksuurants and dieatres. 

4. GAXDBN OP THB HBSPBBlOBS 

We have come to accept North Africa as the feinge of the desert but. 

m the days ofCarthage. the character of dtthintcrUnd must have been 

very dxfecnt. Mydiology makes it ao. The Garden of the Hespendes. 

where, as his EleventhUbour.Hercules slew the dragon so that he could 

steal the golden apples ‘in the land for away in the west w^re die sun 

sets', has been identified with the preaem oaris of Gafia. This lies to the 

Mufo of Carthage CTimis) and soil supplies a Uvelihood frw u,ooo 

people. The island of die lotus-eaten of TV Odyssry is believed to have 

Sen d»c isbnd of Djerba, just off the coast, m the Golf of Gabes. These 

Uida between Greek mythokgy and the Phoenician tradmg posts show 
how both the seafering naaoos of the Levant we« competiton for rich 

prizes in what we now might regard as an inhospitable part of the 
Mediterranean. 


HOBNAItS OF CaiVALBT 


tn 


Pecfaaps the doe Iks in the eatly PkoenicuD tettlements of Lepds 
(ktecLeptis Magna oftheRonunsuul Homs of today) Uai'(later Oca, 
and now Tripoli and Sabratha. These woe trading posts. Lepcb had a 
good anchorage at the mouth of Wadi Lebda and a fertile area in Wadi 
Caam to feed it. Uai' stood (as TripoH does today) at die mooth of 
Wadi Mejenio, with a protective reef as a roadstead for ships and 
agricultural land around. Sabradu was established at the bead of an 
important trade route which came up to the coast through Gadamo. 
The deep indent in the Nonh A£ican coast 4 me made those three 
'emporia' that much doser to die African interior, where gold, ivory, 
ostrich plumes and Nubian slaves and other commodities prized in the 
Levant were abundant 

But how were those trade-routes into the interior possible? There 
was the Sahara in between and no ‘ships of the desert’. 

Sir Julian Ha>ief,iaFnmanAitti^LatJ. points out: 

'It is a curious &ct that the camel does not seem to have been regi>> 
larly employed as a beast of burden in the Nile Valley until about 
300 S.C. though camels had, of course, been used in desm caravans in 
Arabia and Mesopotamia from the time of Abraham and earlier. It it 
still mote carious due carnds were not known in North A&ica proper 
until the beginning of our era. We know that Marius, just before 
100 8.C., used horses b bis campaign against Jugurtha, which be 
certainly would not have done if camels had been available and SaQose 
records that die first ome Roman soldiers ever aw camek was m 
Asia Mmor when LucuOus was %htbg Mithridates between 88 and 
8a B.C. Somehow casnels reached A&ica by 46 B.c, for b that year 
Caesar captured a scon &om Juba at Thapsos but they did not 
become abundant there until the Ath century aj>.' 

Yet b the eighth century B.C. when Carthage had gained sovereignty 
over the three ports, Lepds, Uai* and Sabratha, they were sea-ootkts 
for the overland trade-routes to Equatorial Afirica. Without camels, the 
traffic must have been either by human porterage, by donkeys, by 
horses, or perhaps, by the long-homed cattle of du Garaments of the 
Fezzan. In any case, they could not have gone long dittanca without 
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water and food. (The donkey is capable cC goii^ four days, inaximom, 
without water, compared with dw camd's twdve.) The only possible 
grplanano B is that the Saharan water-holes and oases of vegetadon were 
mudi doser t^ether than they are today. 

J. HANNISAL's BLtrBANTS 

There are other presumptions to support the view that North A&ica 
was not as desiccated in Cardagmian tunes as it is today. 

On a twentietb-century Saharan expeditioa, I went armed with an 
apparoidy &tuout question: ‘Where did Hannibal get hb elephants?’ 
But it was a heads-or-tails-I-win question; it could doc go wrong. 

Hannibal's dephants bad always fudnated me since 1 first encountered 
dwn IQ cbe datsTOom and learned how diey scared the Romans when 
they esnv; trampling out of the snows of the Alps through the back 
ioot into Italy. How did the Carthaginians acquire dsose primitive 
'tanks’? 

If they got them from Asia (b«ause some people suggest, against 
modem experience in the Congo and in zoos, that the African version 
could not have been tamed for battle pmposo) bow did they transport 
them? If they were mardtfd from Asia, then the deserts of the Middle 
East mint have been difioent. If, on the odier hand, they were a tamed 
version of (be African species fiom Central Africa, then the Sahara 
could not have been what it is today -> the dephants could not have 
traversed dw p re se nt distances between the oases. If they were brought 
from East Africa op dse Nile, then die Western and Libyan Deserts 
could not have been tbe diitsty places they are now. Lastly, if Hannibal 
Ibond them in hit ‘own bade yard’, in North Africa, what it now desert 
must have been forest or jungle. So whatever answer I got, the simplest 
must be, *1116 deserts were different’. 

Amusm^y, dm question, 'Where did Hannibal get his elephants?’ 
was tbe password whidi gained me die fr eedom of the French Sahara. 
I had to get the permission of the military commander at Colomb 
B^char. It was a ‘^m’ interview with a poker-freed ‘brass-hat’. Then, 
in despair, I asked the question. It was hkc removing the ofa dark 
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lantern. His face lit up. He bounded from his desk to the opcarioiul 
map 00 the wall and aid, just, ti!’ He went back to liis desk. puUcd 
open a drawer and produced a manuscript - art account by Suetonius 

Pauhnus, who. before he became the general who beat the Britith Queen 

Boadicea. had been a military intelligence officer in Africa and had 
written, in a.d. 47. about the great Forest of the Guir. describiag the 
elcfdunts. lions and other wild beasts which inhabited it The Com¬ 
manding Officer, in his enthusiasm to convince me, immediately ordered 
a command car and an escort and sent me off to Fort Abadla, the 
military post in the Guir, a desert endave which thrusts into the 
mountains of Morocco. 

There Tasked the same questioa of the commander, who was as great 
an elephant enthusiast as his superior. He was equ^ emphatic that 
Hannibal had got his elephants from North Africa. I asked him what had 
happened to the forest. He led me to an embrasure from which we eould 
sec nothing but desert desolation and he pointed to a hift-iop on which 
was a white dome. That, he explained, was the tomb of Sidi Tayeb, 
a powerful Mc»lcm holy man, or omahiMiL I gathered foae Sidi Tayeb 
was a kind of Arab St Patrick. Backed up by another manuscript 
produced from another desk in anodset militaty command post, he 
explained that Taj«b was bitten by a horned viper in the Forest of the 

Guir, and as he lay dying he invoked Allah and cried to all the animals 

in the fowst, ‘I order you at once to leave the t^on of the Guir which I 
take under my peoteetion.' And within six days of his death aQ the 
elephants, lions and reptiles had vanished into oblivion. 

But the rcaDy important part of the legend was in the tailpiece: 'And 
his followers to whom he beqocaffied the forest cat it down.' Tint, I 
was to find in all my journeys through North Africa, was the litany of 
the mais-made desert. *They cut it down.’ 

The legend of Sidi Tayeb belongs i,aoo years after Hannibal, but it 
helps to cossfirm the assumption that in Carth^iaun upw* the v^eta- 
don of North Africa was more abundant than it is today. Yet, although 

the forests must have modified the dimate to some extat. there is ocher 
evidence chat, by and large, the basic climate was much the same as it is 
»day-that the people of those times were coping with conditiens which 
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node irrigatioB and water catserradcm ineasura secesary. Bot tbe 
Carthaginians were not coeipicuoudy an agricultuxal people unhl the 
by the Romans in dte Second Punic War drove diem out of the 
Mediterranean as traders. Then they turned upon dieir hinterland with 
a dioronghnesi which made than dK outstanding agrmomutt of 
ancient times. Their wadi cultivatioo mediods gave yields of grain as 
hi gh as dioee of the aDuvial plains of Babylonia. Moreover, as well- 
tiavelled and observant people, dsey had borrowed experience from as 
frr away u tbe Indus and d^ great contribution was tbe introduction 
of sesentifre frroit-farnung. They hmoght into North Africa the almond, 
die fig, die p^fh, die pomegranate, the vine and die olive. And theit 
agiicultural pro sp erity so excited the envy of tbe Romans that they 
destroyed Caithage but borrowed their Pboemoan agricultural methods. 

6. ODTSSIOS, THB PLOUGHMAN 

The adveic of the Iron Age meant die return to smalleT-scale economic 
uiiits than those of tbe rivet-erviHsations. Early Iron Age dtia rarely 
had populations of more than a few thousands as against the hundreds 
of fh fvinandi of Thebes, Babylon, etc By the fi^ century B.C., with the 
spread of slavety much larger cities had begun to grow. Athens had, at 
dK limit of its power, a maximum population of 3 M>ooo, of whom 
only X7a,oooweredtixais, while Rome at its supreme moment had over 
a million. The first Greek cities formed were just a conglomcradon of a 
doren or so villaga. They did no t, however, have to ‘start from scratch'. 
They inherited the arts and many of die habits of the older dvUisation. 
But they did not have the compuhioDS of great public works • Hke 
irrigation systems • which made it essential to have an overlord or a 
stxaeniiL Their puUic works could be limited to fortifications, har¬ 
bourage, aqueducts and drains, with such public buildings as the 
Acropdb or the Parthenon, and they gave the world ‘politics'. 

It seems almost distespectfid. if DOC irreverent, to speak of the classical 
Gredts, whom we invoke as dK originators of oor western dvilisatioo, 
as though they were a race of blacksmiths. But they were definitely an 
outcome of tbe Irtm Age. In TV Odyssey we see kings hvii^ on their 
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domains but it is obvious that diey are rather Hke squires than royalty. 
They employ free labour and slaves but hVe Laer te s, who knows bow 
to dig around a vine, and Odyseus, who boasts he can drive a furtow 
as strait as any nun, they were gemlemen ^rmets. We see the Queen 
Arete of Phaeacia weaving by the light of the fire, and Penelope of 
Ithaca is, of coutse, the world's most famous weaver, who kept ha 
importunate wooers at bay with her loom. Homer introduces us to two 
trades, that of the smith and the potter. The Homeric pictute is one of 
an advanced form of tribalism. Iturecognisably European. Agamemnon 
is no oriental despot ruling with the authority of an earthly god •> he is 
an appointed leader; and there are the sigtu of an assembly of the people 
to be consulted on impoctaot oceastons. 



Greek wotnen takiiig ibower-badt 


7. CKBBK rOCXBT BOKOUCHS 

When we come to the age of the CJassica] Greece, of Socrates, Plato 
and Aristotle, this picture has changed. In Ionia, Peloponnesos, central 
Greece, and south Italy and Sicily, the colonies, die districts, ate divided 
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into a large number oT guice mdependent and autonomous units, 
we hare glorified cheir culture to mudt, it is difficult for us to 

realise tbeir insigiiificani size. We find Plato ordaining that his ideal city 
shall have 5,000 cacizens and Aristotle demanding that each dozen should 
be able to know all d» others by sight. When Hippodamus laid out the 
Pitaeus,hespedfied that the id^ number of dtizens was 10,000. But, 
of course, the figure refers to ‘dozens’ and all the inhabitants were not 
n tjT^t - dsere were the wives and fam ilies but aho the slaves and 
totdent ahens, so that Piraeus might have a total population of about 
100,000. In fact, only three dty-»tttes had im»e than ao,ooo citizens - 
Syracuse and Actagas in Stdly, and Athens. At the outbreak of the 
Peloponnesian War, the populatioa of Attica was about 3i0,ooo, half 
of them Athenian (men. women and children), about a tenth resident 
and the test slaves. Sparta bad a much smaller dozen body, 
although it was larger in area. The important commercial dty of Corinth 
had a territory of only 330 square miles. The small island of Ceos was 
divided into city^ces. It had lour armies, lour governments, arsd 

possibly four difierent currencies and systeizu of measures. 

The term fobs, which is the basu of our word 'politics’, has been 
applied to the dry-itate, but it really refarred to dse people. It could mean 
the whole communal life of the peo^ pohtkal, cultural, moral and 
gvcB tdigioa was bound up with (he pelts. Each pobs had 
is patron god or goddess. 

The culture sriiich we inherited fiom the Greeb was sytubetie. It 

made use of every dement of culture v^uch it could find in the countries 

widi which it had rontaff. wiffi which it traded, and which it later 
occupied. That does not that it was merely a continuation of what 

bad hap p^*^ before. It was as a synthesis something quite new. 

Great conttibuDoas vdikh it were in political instttudons, por- 
ticulaily democracy; and in natural science, especially mathematks and 
astronomy. What diffinntiated it fi«in aQ pre v io us dvili s stio n s was 
what we now call ‘the method’. This was not just the know¬ 

ledge or practice of scseiKe but the capadty to separate £uxs and verifiable 
iolortnation fiom emotioaal and traditional statements. It had the 
quality of ranonahry and realism. 
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Ute original culture of die mainland Greeks was of die timpk 
European type. It had the merit that it was unable to comprehend or 
absorb or cake for granted die highly sophistiaced and, by effete 
systems ofits predecessors. The Greeks sdcctedor absorbed or d»Kardfd 
various features. Remember, however, that the base, like all other 
Western Iron Age cultures, was ^uite different horn that of the M d rr 
irrigation cultures. Its ecmiomics depended on a rather poor of 
dry-farming of small peasant holdings, supported by vineyards, olive 
groves, fishing and seasonal sea*<rading. Indeed, the city-stac» relied to 
a great extent on exports for die maintenance not of luxuries, as in die 
older civilisations, but of commodities for common 

example, Acdca was so short of good com-growii^ land that it depended 

on its exports of pottery, olive oil and silvet to b^ food for thepopu- 
ladon of Athens. 

The Greeks were realistic. They did not rely (too much) on gods or 
on tradition but encouraged, originally at the enterprise of 
citizens. They wete realistic, too, in tbeir approach to art. In Egypt, 
statues had been magical, but the Greek sculptor was trying to st^gest 
an ideal which could be aimed at in human bodily perfection. In (keek 

culture, the athlete, the artist and the doctor all worked closely together. 
It was the ‘Age of the Eye' in vdiich, for instance, Praxiteles, die sc^pcor, 
and Hippocrates, the founder of medicine, arrived at their results, either 
in statues or in tr ea t men t, by direct observadon and not by book-lore. 

8. TH2 ACB OB DIAlBCTtC 

It was, moreover, the age of dialccdc • the capadey to argue. Some 
may chink, in die light of furdier developments in (keek science, 
this love of argument for in own sake became a vice. The cradidonal 
presenudon of (keek scieDce is in the form of arguments based on 
general principles rather than on examples drawn from pardcular 
problems of technique. Mathematics, especially geometry, was the 
field which the (keeks regarded as the highest attribute and in which 
they used their methods of deduction and proof The belief that the 
universe was rational and that its details could be deduced from first 
pcindples by pure logic helped to deliver die Greeks from supetsdoons. 
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Perhaps che &alt lay lets widt die Greeks tfaems^vea than with the 
absord and complete acceptance of their findings by later generations. 
For example, Atiscode, who was essentially an tosetgatot of research, 
became die final authority fi>r generations of intdligcne people who 
accepted his findings. Nevertheless, this Greek emphasis on pure logic, 
'thinking oflT the top of the head’, led to the growth of an intelleccual 
arstocncy to the detriment of die craftsman. Tim was in part due to the 
extension of slavery because, although much craft work was done by 
fixe men, diey were degraded by competitwa with slaves so that they 
too an inferior clas. hi the same way, a slave society debased the 

social portion of women. Indeed, the position of wives and daughten 
of Gt^ ciiizeiis was (a worse than it was in the older dvUisatiom. 
Tliey were precluded from taking part in public life and were little 
better rfian ^tnesde slaves themselves. As a result, all domestic work, 
wMcb i nHnded fiir more arts Aan it does now, sodi as weaving and the 
preparation of timple remedies, was beneath the concern of the philo¬ 
sopher. There was little sedendfre contact between the men who did the 
diinldi^ and the men who did the work. 

Yet the general proUems from which sdenoe grew, such as the under¬ 
standing of the heavens or man s body or the workings of the universe, 
woe first defined by the Greeks. In the scholasdc subservience of later 
dotes, however, it was unfr>nuiute that die Greeks were regarded as 
having a word fin it’. The first cask of modem sdeoce, after the days of 
Ftands Bacon, was to show that much of what the Gtedcs bad ex¬ 
pounded had been misleadii^. 

9 . AtlXAKDlR THB CBSAT 

The conquest of Alexander opened up Asia to Greek trade and Greek 
colonisation, and we can read into them something mote than just the 
ambmons of Alexander himself or the glories of military conquest. 

He imposed hh imperial will on the city-states of Greece which, even 
befrxe 1 ^ tune, were falling into decade n ce. The general level of 
HeUcnic prosperiry was tjficlinmg and, although individual fortunes of 
die aristocrats and {ducocrats were bigger than ever, the nomber of 
slaves relative to the total population had increased and che peasants had 
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sunk meo poverty md jetfdom. Use soil itself had sufimd. and k has 
never fully recovered. The limestone hills had once been dbthed in 
woods and vegetation but the demand for charcoal for tbe of 

iron and for cement, and the pressixre of population, g»ti»nAng cul^- 
tion by clearings, had cemov^ the forest cover and had already led to 
the erosion which is the affliction of Greece today. The soil was scoured 
off by the talus no longer tempered by foliage and herbage, and the 
springs failed because the water no longer seeped into rise ground to 
replenish cbeoi, but ran off tottentially to the sea. The structure 
had also degraded die craftsmen. The arts and crafts which we regard as 
the material 'glory that was Greece* were the products of social inferion. 

Even by the time of Alexander, dse contradiedons of the and 
economic structure were as naked as the hills of Greece. There was un¬ 
employment and a shortage of food-stuffl. Many small peasants were 
conscripted into prolonged military service or their holdings were 
devastated by hostile armies or expropriated for debts, which dreum^ 
stance had forced them to incur and had left them no means of repaying. 
There was no altemaiive work for them in die &ctories because slave- 
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manned industries had gradually crushed the individual enterprise of the 
small craftsman. Just as the artisan of the cwesirieth century secs his «Vil 1 « 
being reproduced or replaced by automation, so in Greece, «ki 1 U were 
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broken down into procesto. Tbe potter had ooce been the indhriduil 
periectionix. moulding dw cUy, dcagnil^; die trtwotk, cxccudog the 
pmring and {ihng the wire. Latterly, cbo«e became the separate funo- 
tioRS of teams within a &ctory and the ipedmens wluch are the pride 
and joy of Western museums were the repeddre factory products of 
team*worken vdio were not even recognised cttizeiu. 

Fusthermore, as die intemat nutket contracted because poverty 
reduced purchasing power, so did the external market. Greece exported 
industries instead of consumer goods. With no prospects at home, crafts¬ 
men emigrated to new colonies and around the Black Sea. for example, 
dicre grew up sucoestful manu&cturing centres which competed with 
the old-esablished ctafb of Gieece itsdf. Thus Greece could not export 
its wares to get, in return, the wheat and foodscu£ &om overseas. 

In the fourth century B.C. there was no option for the dispossessed or 
superabundant peasantry but to sell tbesr services as foreign mercenaries. 
Xenophon’s epic story of the Ten HiousaDd, recruited by Cyrus the 
Younger to drive hb half-brother oS the Persian throne, is, stripped of 
IB military romance and glamour, just the tame story as the Hi^dand 
dearances vdiich empti^ the glcsis of Scotland in the eightecntii 
century aj>. and sent the dispossessed clansmen to settle in or 

serve in die armies of France or Russia; neither the Greeks nor the Scots 
had any option. 


la CREEK COLONIALISM 

Hie conquesB of Alexander made Egypt and the Middle East a 
province of Hellas. Greek became the lii^aa Jrtma, so ideas began to 
circulate fredy. Alexander took over die whole of the Petsian Empire 
and extended the concept of the city-state as far as the Indus and the 
Jaxartes. 

Alexander began founding, in his widespread domains, military 
colonies for his veterans, and cities aJdn to those of Greece. They 
followed a pattern - the market-place, theatre, public buildings, schools 
and fountains. Most of them were laid out on a grid system (like so 
many American dries today) but in origin they observed the Platonic- 
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Arbcocdbn principle of the small polit - Pergamon, in Asia Minor, 
although a capital, was only 222 acres in extent; lieraklca, at Latmos. 
was only 245 acres; Aloaadria, when tc was founded as the Greek 
capital of Egypt, was of the same order. 

They all had municipal government on the models of old Greece. 
They were administered by Greek offiaals, financed by Greek Kanlr/r*, 
supplied by Greek merchants and borrowed tfadr arts and crafts from 
Greece. Nevertheless, die old oriental cities widi native commerce, 
industry, religion and science were not datroyed ftf wc concede, as 
some do not, that the burning of Persepolis, during Alexander’s sojourn, 
was an accident). Greek insriturions. customs and gods were accom> 
modated in die existing cultures and when Alexander's successors, the 
Ptolemaic Pharaohs, took over Egypt, they took over all the perquisites 
of deiftc and temporal power, with no concepts of Greek democracy, 
which anyway had already been supplanted in old Greece by t^ 
acceptance of the Tyrants and the Elite. 

In spice of die conventional history books of dates and dynasties and 
our scatiniental atcadimenc to Greece as the inspiration our Western 
institutions, A l ex ander's adventures were impelled by econonuc dr- 
cumscance - to salvage Classical Greece ftom its own decadence asid 
poverty. It was expansionism whidi provided an outlet for a surplus 
population and lor reciprocal trade whidi redeemed a country no longer 
selfeufident. Gnek dries were dependent on imported com, but plam 
like %yp< now ofiered export>impore facilities by oficring staple fbod- 
stuiB in return for <^ve oil, salt 6sh, pork, hooey, fhwe. dried fruits 
and nuts; Greek jars which have been found as Br apart as Susa, in 
Ekm, 00 the Lower Danube and in Sicily and Carthage are evidence of 
the export of oil and wine from the Greek mainland and islands. 

The landlords of the Greek empire, and the Hellenic fractioo-empircs 
which succeeded Alexander's were di&rcm ftom the old aristocrats or 
temple-bursars. Hie rulers and the priests still got their 'rakeKiff*' bat 
ftrming became capitalised and commercialised. Specialised ftrxns pro- 
ductng for the (Greek) vrorld market were spread right ebrough ftom 
Russian Turkestan and India to Sidly and Tunisia. They were worked 
by slaves or aetft on reasoiubly sdcntiftc lines. They tended to cotiea 
the balance between crops and livestock which is hard to maintain on 
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pit«niir.Utngt, arxl bjr pcopcT roucwD uui coluemtioQ helped CO pre- 
lerve the sod. Another gaia was the acelimtosafioo of animab and crops 
which became possible on a wide scale. Cotton, apricots, dtroa, geem 
and buffaloes were incrodoced into European Gmece; sesame, hones, 
asses and swine spread from Europe across Asia to India: and locetoe, 
oriental fruit trees, melons, beets and barnyard fowls were trafficked 
through Greece into Italy and Spain. 

Secondary industry, that produaofche Greek Iron Age, spread aloi^ 
the mili taiy roads and trade routes. And a^in the pattern was modified. 
It is me that fiutories bad grown in Classical Greece but they had been 
to estatcs. temples or palaces and worked by bondsmen 
or slaves. Now they were industrial entities. They wete manned by 
nusses of slaves, not to make use of n»chincry or even to facilitate team¬ 
work or woric-flow, but for convenience of supervision. Specialisation, 
which had been mentioned in old Greece, now became the feature of the 
futory economy in other parts. In place of dse freeman crafrunan, 
m>tnT ofaU his skills, there was now the composite craftsman made up 
of semi'skilU - a foretaste, in the pre-Christian era, of the production- 
line. hi the n-am , e ach worker had bis own limited function. The joiner, 
who would nuke die door, would not set up the door-posts: the stone¬ 
mason would not sharpen, much lea make, his own cools; the spinner 
would DOC weave; dse poc-nuket would not point. Shades (all those 
centuries ago) of trade union denurcatioo! 

This, of course, could have completely stultified advance in tedmiques 
because imitation b a poor incentive to invention. Nevertheless, a series 
of major advances did take place. After 330 b.c there is evidence of 
rotary flour-^ntUing. drivesi by donkeys but sometimes by water-wheels 
(which the Perrians had already introduced). Hus rotary milling was a 
revolution, in more senses than a pun, because hitherto each household 
had crudsed and ground its grain in querns. Now fiour-millers and 
coQununiry bakers came into existence but, more important, it was the 
first extension of nozv 4 iuman modve-power since die Bronze Age, 
which had produced water-lifring devices, sail-boao and wheeled cam. 
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II. CBBBE SCIBNCI 

Hie fint f^iase of Greek science was in the sixth oentury b.c. and is 
assodated with the legendary figures of Thales and Pythagoras and other 
nature-philosophers who speculated oti how the world was made and 
bow it had come to be. 

The second phase was between 480 and 330 >.C. - between the end 
of the Persian Wars and die suppression of the independent Gredt cities 
by Alexander the Great. It was during this period tfaat we have Socrates, 
Plato and Aristotle, and die study of the nature of man and his sor tal 
dudes. 

The third phase was when the empire of Alexander brou^ Greek 
science into contact with the older sources of cultate in the East, as far 
as India. Alexandria, in Egypt, became a new home for science, and the 
result was a development of mathematics, miK-banu-* and astronomy 
wbkh we associate with Euclid, Archimedes and Hipparchus. This 
period was die bridge between all that was past and all diat was to come. 

The two ccsituries beginning 230 s.c. were more fruitful in 
mechanical inventions than any period uadi the seventeenth century 
A.D. Archimedes of Syracuse, although as an aristocrat he would have 
resented the descripdon, was an applied sdendst, a technologist and an 
inventor. In an age when the dite despised the pracdcal, he discovered 
and applied the hydrostatic principle. Every schoolboy knows die story 
ofhow, in the public baths of Syracuse, he made the discovery and rushed 
naked to his home shouting, ‘Eureka! Eureka !* ('I have found it 11 have 
found it!*}. What he had found was die answer to a problem pot to him 
by his relative Hiero, the Tyrant of Syracuse, who thought the jeweller, 
in making his crown, had cheated him by using an alloy instead of pure 
gold. The answer which Archimedes had found in his hath was that if a 
body is immersed in a fluid, it will experience an upthrust which will be 
equal to the weight of fluid it displaces. 

He also invented (or at least gets the credk for inventing) the Archi¬ 
medean screw for raising water. This was formed by winding a tube 
spirally round a cylinder. When such a screw is placed in an inclined 
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positioQ with its lower cDd immened in water, its rotadon will raise 
water to the higher level He it also supposed to have been the inventor 
of the compoond pulley and to have elaborated the principle of the 
fiilgmm , the point about which a lever turns to give a lift. He boasted 
that if he had a ftilcniin or ttand>point be could move the world. He set 
fire to the Roman fleet arnddng Sytacuse by using burning glasses to 
focus the sun's cays. When the Ronuns carried the dry by assault, he 
was by the uncouth soldiery while contemplattog mathematical 
figures which he bad drawn in the sand. 

Around a}0 B.C. Ctesihius invented a perfectly good pump fitted with 
valves and cylinders and pistons which would have been capable of 
mechanically raising water to much greater heights than the devices 
which existed then and for many centuries afterwards. Yet there is no 
evidence of its being used for draining mines or iirigation. Even the 
Romans, perhaps owing to the limitations of their lead pipes, never 
thought of cransportbg water under presute but created instead the 
giant aqueduct systems. 

It is a sobering tbou^ that nearly 1,000 years ago Hero of Alexandria 
invented a steam-engine which was quite pncdcal and embodied die 
prmripif^ of the turbine and of jet propulsion, all dwse centuries bribre 
Parsons (turbine) and Whittle (jets). The basis of this was a sphere of 
metal with tvro right-angled tu^ set in it, with the outlets pointing in 
opposite directioQS. There was a cauldron from which steam entered the 
sphere through the tubes which acted as the axis. The force of the steam 
<^pi«>g through the angdac tubes forced die sphere to spin. 

He also invented a which, by applying a siphon efiect, produced 
a conjuring aide. !n ^ Mtdumka he showed a complete understanding 
of a transmission system. By employing a handle to turn a screw, whidi 
revolved a cog-wheel which acted as a winch for a multiple pulley 
system, which dr^ged on a lever, binged on a falamn, he had a device 
which lifted a weight ftr in excess of the muscle effort of die handle- 
turner. 

They were merely coys, or m^^ appurtenances of the temples. A 
progenitor of the steam-engine could be heated by the altar fires and its 



Hoo I device for opcnmg die dooo of a 
vAea the fire it lighted upon the altar. 
hoc air in die altar drives water from die 
into a bucket which, in descending, tumt the door 
spindles by means of a tope raising the counter¬ 
weight 


Steam-power used mystenouily to open doors and disclose ebe gods. 
And why? Because this was the ^ of slavery when musdo-power was 
abundant and mechanical power was unnecessary. Hero's discoveria 
were ‘tmeconomic'. 

12 . SOU aNStAVBD 


By 200 B.C. the number oftenant Sumen throu^iout the Gredc world 
was declining. Big landowners were dtsplacing them, converting them 
into seifi and employing slaves in greater and greater numben. The 
same thing was happenmg in the crafts. Factory-owners were using 
hired or slave labour and on public works contractors rather than 
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individual cnfomea undertook the work. Slavo-ousten contracted to 
sup^y the labour and the moaey< 4 eiidets financed the projecti. 

It is necessary here to remind ourselves once again that the basis of all 
this panoply of pomp and power and pelf was the soil and dsose who 
worked It. No nutter how many slaves there were, they bad to be &d 
firom the same plots as the &eenien. 

Proper husbandry is the personal nutsing of the soil and not its im> 
personal exploitation. The records of Alexandrine Egypt in zpd B.C. 
showed how the system had declined from these truths. Peasant lands 
were frrmed £br the money-leisdcn so chat they were producing crops 
which had a market value but whids could bsitkzupc the soil. The land* 
workers were oppressed by taxes and the prisons were fidl of debtors. 
Land was expropriated for debt or tax evasion and passed into the hands 
of dsosc wfaiw soil it was not. To escape fi»m thdr debts or from 
imprisoament peasants, to the alarm of the Pharaoh, were fleeing their 
patrimonial acres and taking to robbery and violence. There were mass 
strikes by the landwockers, who sought public relief from die temples 
while their grievances were being ventUated. The net result was that 
although thm was an abundance of slaves, scarcity of peasant labour, 
the depopulanoo of the vill^es, the abandonment of arable land, die 
neglect of dykes and fields atsd a progressive decay brou^ about the 
eventual collapse of empires. 

The gross e&cc of all this on Greece itself was, of course, di^uised 
fi>r a loQg dme. The opening up of new export-import markets, which 
followed mihiary expansionism and the distribunon of the hoarded 
wealth of the oriental kings to Alexander's aeddiets, masked the di^ 
e^nilibriuin. But the migration of craftsmen to the new colonies 
presently restricted (he export of consumer goods. The import of food- 
stulB, indispensable to the metropolitan economics, reacted on the local 
peasantry. The compedtioQ of foreign (colotual) industries and slave- 
owned fiictocies relegated the individual crafomen and producers to 
debt-slavery and ofren to actual slavery. Civil war in Sparta and in the 
states of old Greece followed demands fiw the cancellatioo of debts and 
redtsttibudon of lands. 
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Ships were unproved and ligbthousei helped tuvigadon. So did the 
cartographen; and trade by sea and land, in spite of the hazards of piracy 
and brigands, spread more qukldy. After 300 b.c tia ftom Cornwall 
was being regularly shipped across Prance to Marseilles: gold, fun and 
forest prodocts were being transported from Siberia and Central Russia; 
perfumes, ivory, spices and drugs, across what are now deserts ftom 
Central Africa; amber, from the Baltic; and silks and spices ftom China. 

13. DBSBBT BKOTBCTORS 

Those tradc'routes were themselves the cteaton of new types of 
cultures - not merely of a new sec of nonuds, itineranc merchants beset 
by the old set, the barbarians, but of professional ‘protccton’. 

Among those ‘protectors* were that rather remarkable race, the 
Nabateans. Somewhere about the of die Captivity, when Nebu¬ 
chadnezzar ($88 a.C.) destroyed Jerusalem and carried off the Jews to 
Babylon, a wave of desert Semites surged into the lands of the Edomites 
who retreated into the adjacent territories and left the invaders in 
possession of the southern caravan routes. Those routes ran ftom Arabia 
Fdix, the land of die Queen of Sheba, to Syria and to Egypt and the 
Mediterranean ports. Along them travelled the oriental caravans with 
their riches of ftanldnccose and myrrh, pearls ftom the Persian Golf; 
ivory, gold, and black slaves ftom Africa and spices and silks from r^ini. 
Prom die tip of the Arabian Peninsula the came! caravans travelled 
northward along die eastern coast of the Red Sea, throt^ Meixa and 
on to Aqaba. From there they followed the Wadi Arabali to Petra, 
where one route diverged westwards to Gaza and another continued 
north to Damascus and from there to Tyre and Sidon, Aleppo and 
Andoch. 

Hie Nabatean capital was Petra, which is a to their in¬ 

genuity, their craftsmanship and chrii ultimate weahL This is a city 
hewn out of the living cock temples, tombs and public buildings cut 
into, and out of. die precipices. On this point the caravans converged, 
or were shepherded by the desert gendarmerie. It was the exchange 
centre between East and West; a desert 'port* where die righes of t^ 
orient were unshipped and transferred to die caravans of the Occident 
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and vice vem. It obviouily became a market fi)f wholesale tnnsacoons. 

There were great catavanset^ to boose the voy^en and bonded ware- 

homes to store the goods oo which a ‘pohe^tax’ was ccdlected. 

In return for what was almost study trade-ondcr-duress, the Naba¬ 
taeans provided safixonduct and inununity front the desert hi-jadeerst 
by of a series of desert garrison towns and escorts. There were six 

ones in the Negev, the southern desert of Palestine, with a 
combined populatioo of at least 100,000< 

14. DBSeaT CULTIVATOIS 

Those cities are noteworthy because they were virtually self-support¬ 
ing in a desert which was, on present-day research evidence, as «^ma- 
tologicaQy inhospitable as it is today. It can be assumed that they did not 
grow their ovm grains-at least in adequate quantities - but imported 
than into die desert. But there seems no doubt that diey supplied than- 
selva with fhiics and vegetables. 

Obde. in the middle of the Negev, was a hill dty of 10,000 inhabitants. 
A 40o4ecr-high mountain was honeycombed with man-made caves - 
stores and tombs - and on the flattened top woe fortress vralls 
within which the dwellers couH rettcat and within which also were 

massive public buildings. Mote interesting than the ruins today ae the 

eloquent lestimonia of the landscape. One looks down on a desert, 
vrfiich merely dismays, until out of the greyncss of the dust one begms 

to see the vetdges of the Adds which the dust has all but buried. A vdiole 

textbook on desert recovery can be read in that landscape. 

The during the 1,000 yean in which the Nabatacaiu main- 

tuned cbonsdves in the desert could not have been much more than the 
100 millimecres of today. That much the plam-arcbaeologists can tell 
us. And t h < r«. as now, it would come in sudden downfalls to run off the 
hills and waste itsclfin the gullies which rend the countryside between 
Obde and the Dead Sea. The Nabataeans knew that it was fodlc to try 
to cultivate the Valley of Zin through which the spate would pour. So 
thett cultivation was done in the ofihoot valleys. Round their Adds, 
each usually a quarter of an acre in extent, they built massive chedt-walls. 
s omfh mw ten feet high arsd twdve feet chick, to impound the water. In 
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tbe tributary wadis they made divmioa dams to smtch the 6oods into 
those walled fields. And diey demonstrated how exosioo, a bogey- 
word to us, could be turned to advantage. 

Those fields were not only dams; but also silt traps in which the soil 
naturally scoured off die hilh wotald be deposited. Those andent «oiU 
engineers noticed something else. Tbe hills were encrusted with 'desert 
pavement’, a metingue-lilce crust compounded by the alchemy of sun 
and atmospheric moisture. This thin hard skin protected die loess under- 
wMfh If this shield were removed, the loess, diis incipient soil, would be 
swept into tbe silt-traps. So they systematically broke the 'pavemat' 
and raked the hillsides, and the rains sluiced the soil off I was told that one 
of the wadi fields had alt to the depdi of fourteen feet - created over a 
period of perhaps ten gcnecations - aldiou^ this is disputable. 

Another interesting feature of Nabateans’ ‘desert-plu mb i n g* was 
lock ciscenu which held, underground away from the heat of the 
sun, the water which was run off the hillsides for storage purposes. 

Most tutri giitng of all ate the mounds which surround Obde and 
S'betta,its sister dcy. They areheapsofpebbles, nowebokedwithdust. and 
there b still a debate as to what they were originally. They are arranged 
in geometrical rows and obviously according to a deliberate design. One 
theory, suggested by evidence of fossil-plants, was that they were dew- 
mounds. T^t u to say, they were pilo of loose pebbles on tbe cold 
suifiice of which the dew condensed and seeped into the soil below, 
fwaUng a wet sump of soil, protected by the mound during the heat of 
die day: into thb mulrb they planted vines, figs and olives which rooted 
into die dew-repleobhod soil Other experts maintain - again firom sug¬ 
gestive remains - that they were storage bins like potato clamps or like 
tbe piles of stones whidi the Eskimos use to cover their caches. A diird 
of drought dbrnwcs them merely as $crai»ngs of the desett pave¬ 
ment. They could be one or other, or all diree. I sdD favour the dew- 
mound theory. 

Tbe Nabateans maincauied their independence against the attempts 
of the Selciinds and Ptolemies, Alexander’s successors, to conquer them. 
Their heyday was around the time of Chrut. But after the Jewish revolt 
of A.IS. 67 the Romans extended their domain over the desert areas. 
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including the ttamping-gfound* of the Naba tac a iM . Thi* changed the 
fortune* of tbc Nabateans and of Petra. Not immediately bat gradually, 
the canvan routes were diverted and the Romans mo cascd the traffic 
from the Perrian Gul£ away from the Red Sea. Palmyra iuilead of Petra 
the main centre. The southern trade routes lai^uished, but it 
was not until A.®. 500 that die disciplined rule of the desert relaied and 
the Nabatean tradition* and ddes fidl into final decay. 

IJ. BOMB TAKBS OVBB 

Rome replaced Greece a* the dominant occidenal empire in 1*61.0. 
The Romans had come out from the Second Punic War victoriom and 
had found to interfere in the a&irs of Greece. Philip V of 

Macedon havii^ alHcd himself with Hannibal the Romai« sent 
Fbminiu* to punish him and in this war the Achaean League joined with 
the Romans. Philip vras defoated in 197 »-C. and was oUiged to recognise 
the IndfTfn dc^^'^ of Greece from Macedonia. The Achaean League 
a puppet government of the Romam until finally in 146 B.C. 
the Roman Coniul. .Mummius, defeated the city*rtate* at the batde of 
Corinth, and Greece finally lost it* independence and fonnaUy became 
a Roman province. 

But even at this stage dsc iiresses which had been apparent in the Greek 

Empire were already apparent in Italy its elf 

They were sharply defixKd in the story of the ill-fued Graodii. Tlie 
brotbm Tiberius Sempronius and Gaius Gracchus were die son* of an 

historic house. One of their aocestois had defeated Hanno in the Cartha¬ 
ginian War in at* B.C. The frther had been CotBul and had married the 

daughter of Sdpio Afiicann*. Tiberiu* Semproniu*, the younger, had 
served at the Si^ of CaftMgg aud in the Numantian War. In 133 B.C. 
be offered himself as candidate frw the Tribunesfaip, an office which 
him inviolable as long as he was invested with it. It provided him 
with his opportunity. He used his office to make himself the diampion 
of the pkh, the common people and the farmers, against the patruians, 
the aristocrats. 

His first cfrbrts were directed to a reform of die Roman land system. 


HOBNAILS Ot CBIVALBY 


19 * 


by the rettotacion of die old t Law, which enacted that no one 

should possess more chan joo acres of the public donuins and that the 
overplus should be equally divided among the pkht. This was now 
falW the Agrarian Law. He was violently opposed by the aristocracy 
and the veto of Marcus Octavius stopped die passage of the bill 
Tiberiiu. however, exerting all the pretogadves of his office, managed 
to pass the bill and three commissioners were appointed to carry it into 
. himself, his brother Gaius and his father-in-law, Appius 
At the tame rime Atcalus, King of Pergamus, died, bequeath¬ 
ing his treasures to the Roman people. Tiberius proposed that these 
should be used as a fund to help the recipients ofland under the new law 
and be abo proposed to give the popular Assembly, instead of the 
the man^ment of die Sate. This was too revolurionaty. He 
was accused of having violated his office and of compiling to be long, 
and at the next election for die Tribuneship be was murdered with three 
hundred of his followers at die entrance of die Temple of Pides. Ten 
years after his death bis younger brother won the Tribuneship. He re¬ 
newed his brother's law and avenged bis murder by expelling many of 
his most violent enemies &om die city. Several popular measures gave 
him &vour widi the people, but in the end the intrigue of the aristocracy 
bis downfiU. He did not obtain a third Tribtmeship and, faced 
widi the threat of a popular uprising, the Senate cook strong measures. 
Armed soldien attacked the followers of Gracchm and nearly three 
thousand were slain. Gracchus escaped to the Grove of the Furies, where 
be was slain at his own request by a slave who then killed himself 

Id. SrOIlS OF OFBICB 

The dominion of Rome over the Mediterranean brot^ht an uneasy 
pfK ** but not, at first prosperity. Indeed it w» die opposite. The 
peoples in the of Ic^y hiul organised as a union of allies; after 
88 B.C. all Traliant were admitted to Roman cirizenship, but the annexed 
territories overseas were treated as estates to be exploited as tributaries 
like the conquests of an oriental monarch. Enlightened oriental kings, 
hke Cyrus, however, bad had the sense to recognise that their revenues 
depended upon the prosperity of their subjects. They usually ensured 
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that thrif govemon, while exacdi^ royal tributes, were also responsible 
fot the general weB^being of the lantl, its soil and its people. That was 
not tnse of the magistrates sent out fix a year as governors by Rcpublkan 
Rome. Since the Setute was composed of dme^xpited governors, it 
was scarcely a brake on the npaetty of diose whom it appointed. After 
ui B.C. a governor, if impeached, would be tried by his peers who 
themselves owed their wealdi and their rank to the exploitation of the 
provinces by tax-fiumtng. usury and cancessions. At the same time 
^V/tioin could only be coofiimed by bribes ‘to the Roman People*. Any 
governor had to nuke three fortunes in a year out of his province - one 
to pay his election expenses, another to bribe his Judges at his trial on his 
return axsd the third to live in comfort fix the rest of his lift In the last 
century of the Republic, sesutois and pro-consuh amassed great fortunes. 
Pompey, in Roman talents, was the equivalent of a dollar millionaire; 
so were Crassus and Brutus. Such fortunes were not acquired by pro¬ 
moting and cncouragittg the creation of productive wealth but largely 
by extortion, usury and flnatw4al matuptdarion of the provinces. 

In Rome itsrif, the empire enriched only a very small class. Debts and 
cooscriptioa had driven a Urge proportioo of the peasantry from the 
Und. Their smallholdit^ were taken over by great landlords and 
worked by slaves. The dispossessed peasantry could not find employ* 
meat in industry because the city working dass was also beiag im¬ 
poverished aisd sodally degtaded by oompeddon from the slaves who 
were brought into the sUve markets by each imperialist enterprise. 

This was the situadon which helped Julius Caesar after be had added 
to the empire dx Celtic lands of the Rhine and the Channel and Britain. 
He sebed supreme power as the Greek tyrants had done. Two years 
later he was murdered in the name of the democratic freedom, but after 
twelve mote yean of dvil war lus grand-nephew, Augustus, became in 
fra Emperor. Julius Caesar was, of course, deified and in the edd oriental 
tradidou Ai^ustus accepted dtvine honoun in his own lifedrac and 
idendfred himself with the gods throughout his empire. He was now the 
monarch of a sm^e state extending from the Euphrates and the Black 
Sea, the Danube and the Rhine to the Atlantic and from the North Sea 
to the Sahara and the Arabian deserts. 
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17. FAX SOMANA 

Jnliiu r‘.«i»«ar an .4 Au^ustus puC la cod to ^ worst excesses of the 
sesutoria] govemois. They cteaceid 1 rosonibly c&ckist and honest 
idmixiuCraaoQ and dKy gave an empire peace. For 250 years du great 
unit of the Roman Empire enjoyed an internal peace never hitherto 
found in to large an area. There was alto a conscious concern for ensuring 
the reasonable welMKing and protperiry of the conquered peoples. 

Use ii mnediati! result was a revival of prosperity and an increase of 
population in the new western provinces. In site the average Roman city 
was not mu^ bigger than the Greek potis. As laid out in A.D. too, Timgad 
in North Africa coveted only some 30 acres. Caerwent in South Wales 
measured 44 acres, and Cirencester in England was about the same size. 
Roman london was 300 acres; New Catthsge reached i,aoo acres, 
Alexandria 2,275; And Rome about 3,060. 

p/vn^aw cities enjoyed munidpal tei&govenunent wherever they were 
and were on a common pattern. They induded a public water 

st^ply, handsome public buildings, baths, theatres, colonnades, market 
hdb and assembly places adorned with statues and fountains. The private 
dwellings, at least of the wdl^cndo, were large and tascefiiily built and 
{umisbed. A middle-class bouse wids a terraced garden could occupy a 
block too feet square and die main reception room would be about 
forty-eight foet long. The small retailen, enfomen and labourers lived 
in ffimsier homes w^oike or two rooms and the booties in tenemenu 
which could run up to sixty foet in height. At Caistor, near Norwich in 
Britain, bouses adjacent to die porter's kiln, presumably occupied by 
the master potters, were made eluant with tessellated pavements. 

In the early days of the Roman Empire the amenities oflifo were foirly 
generously distributed, at least geographically. Bronze bowls nude in 
Capua have turned up in Denmark, Sweden, Hungary and 

Russia. Artisans and industrialists foom Italy and Greece migrated west¬ 
ward and established factories in what had been the barbarian provinces. 
Hm red-glazed moulded ware in the Greek tradition was pt^uced in 
France and at Colchester, ^uery manufoctuied in Italy found its way 
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to Ana Minor, Palestine, Cyprus, Egypt, North Afiica, Spain and south 
Russia. Products of factories in Gaul reached North A&ica and Egypt as 
well as Spain, Italy and Sidly. Syrians estahlished glas»>inaking in the 
RhAne Valley and in northern France. 

The barbarians of the north supplied slaves, amber, (urs and odser 
materials. In return they acquired wines, pottery, metalware, glass and 
coins. Trade routes radiated 6rom the Black Sea ports and distributed 
similar commodities across the Russian steppes to die Urals themselves. 

Regular caravans of camels brought qnces, aiomadcs, oils and jewels 
across the deserts of aouthem Arabia and Mesopotamia. Under Roman 
auspices, a direct sess-rouce between Egypt and India was encoura^d as 
a check on the intmopoly of the Nabataeans and others in policing the 
land routes. 

After A.D. 50, the Romans began to exploit the discovery of a Greek 
sea captain, Hbppalos, that the monsoons provided a r^ular means of 
direct transit across the ocean to India and shortened the time. The south¬ 
west monsoon in August provided both the motive power for crossing 
and a guide as reliable as a compass. The north-west monsoon in Jan¬ 
uary ensured the return voyage. 

This mercantile navy brou^t to the Roman market not only Indian 
goods but also Chinese products carried so far over land or by sea in 
T uiliaw and Chinese ships. The imports were mostly luxury goods - 
ftawring giib, parakeets, ebony, ivory, pearb and precious stones, spices 
and pe^imes, nlks and drugs. 

These products could nor be paid for in mass-produedon goods or in 
agriculcuxal products. And $0 there developed in the opposite direction 
a trade in luxuries which could be carried in small bulL The balance of 
trade between Rome and India was advene and was made up by exporo- 
ing gold coins. These still turn up all over India and have been foustd as 
&r away as Ceylon and China. The Greek and Roman agricultural sdence 
ba sed, as has been suggested, on the Carthaginian system, was usefully 
applied in extending t^ agricultural belt of North Africa farther inland 
a^ also cncour^ng rise growth of agricuUure all over France, the 
Rhine Valley and southern England. Even in the notdv Mediterranean 
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►fAntqtur* were apj^ied; for inaance, vioics and vine-gtowiog were 
introduced into BtitauL As an interesting enrofde of man's adaptation 
to his eavitoDSKiu, wefindingaiioot tytceinsofceDtTal>heacingm the 
villas of Britain, to temper the rigours of the climate to the 

Meditecranean overlords. 


18. XOMAK 8CIBNCI 

As an admiiustrative system the Rontan Empire was remarkaUe. The 
intensity of commercial intercotuse between all its scattered parts and 
the relations which it established between the civilised and barbarian 
worlds produced the results which are reflected in the habits of the 
Western wodd today. Besides traders, wandering craftsmen and slaves, 
civil servants and military cdficets were oontmually being exchanged 
between the remote outposts of the empire. A huge standi^ army was 
needed to guard die long ftonriers and soldiers were recruited in every 
part of the empire and the caurious pracrice followed of sending them co 
serve away ftom their home country. Ambassadors and mi s sio n a ri es 
famr &om the East co Rome and Marcus Aurelius sene an embassy to 
the Han Dynasty in China. 

Yet there b a remarkable shortcoming in the Roman story. Imperial 
Rome made practically no contriburion to puce science. What passes for 
ftriinrn is lai^y the compilatioa of volumes of ocher people’s know¬ 
ledge and the direct or original observations seem co be remarkably 
absent. 

Having, for example, at first despised the Greek medidiK of Hippo* 
crates, the Romans eventually came to regard the Greeks as custodians 
of medical knowledge. Galen, the outstanding phyrician of Rome, was 
a Gredc. He had originaUy come to Rome as a surgeon to the gladiators 
and had bailc up a fashionable pra>ctice as a {diysidan before the jealousy 
of his professional colleagues drove him into exile and back to Asia 
Minor. He bct ume, eventually, physician to Marcus Aurelias (a.d. t6l- 
180). Galen was a braggart, and, unlike Hippocrates, rqmrted only such 
casa as were successfol and redounded to his credit. Neverthdess, even 
if we discount a Urge proponioo of bb daims, he was a remarkable 
physician. He wrote more than 300 books, of which only 118 survived 
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a fixe ia his own Kfetiine. He ke{>c twelve scribes continuously busy 
recording his anatomical observadons, his selective case-histories, die 
drugs be prescribed and also his boasts. His thinking was dertvative from 
the Greek ’humours’. t£s anammy was qtiite mislcadiug because, in 
spite ^his cxpericooe with Radiators, be was influenced by the prevail- 
tng objectioti to human dissecdon and drew all bis human analogies 
from the studies of animals. Moreover, his works are bill of supentidon. 
But one feels that this was in a way dehberate because be was simply 
accommodating himself to the fashions of his time. In his own ri^t, 
and in his own dme, Galen was a great physician. Unfoitunatdy the 
teputatioQ which he left behind him was to corrupt and prevent the 
advance of science foe another fourteen hundred years. As late as J5$9 
die Collie of Physicians in London condemned one of its Fellows, Dc 
John Geynes, and forced him to recant when he dared to suggest that 
Galen’s works contained erron. 

The great contribution whidi Rome made to medidne was in its 
military hospitab and ia remarkable drainage systems, aqueduca far 
fresh water, and public baths. 

to applied sdaices, too, die advances made in Roman times were dis- 
appotneing in comparison with the enormous opportunities whidi were 
ofieted. Roman aiduteca, builders and engineers superbly apj^ied and 
amplified processes and techniques inherited fiom the Greek world, but 
one 6nd$ very litde evidence of revolutionary innovanons or novelties. 

19. niSBASB AND DECAY OF BMPIEES 

We can pause with Marcus Aurdius and with Galen because here was 
the last of the great Romans as wdl as the last of the great Greeks aod, 
indeed, their professional relationship - Emperor and Court Physician - 
was itself symbolic. By diis time the Roman Empire was already in 
decay. Rome and the dtics were full of peasana who had been driven 
off theix farms by malaria. One of the f^ors m this movement was that 
die great lands of fertiU, well-drained soil and flums on the uplands had 
passed into the hands of landlords who had cultivated them by slaw 
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bbour whik leaving the poorer areas to the pagatu - a word derived 
bom pagi or manhef. hi marshes the malatia mosquito bred, and 

(he di yw md the poven/ drove their victims into the cities to spread 
the infecrion. The dbease apparcndy extended to the frontiers of the 
empire, df^i"«ring the garrisons, depopubdng the towns and, in a 
^imav which some luth^ities think was an outlmak of pesdlendat 
^it may have been smallpox), led to the final break-through of die 
barbarians. 

It is «gn«A<-anr that simultaneously the same thing was happening to 
the Han dynasty in China; the frondet defroces of a weU-oeganised and 
well-adniinisterod culture colbpsed and left the way open far the 
bivadii^ Mongob. 

In die process of decay, even before the death of Marcus Aurelius, the 
Roman provmces had begun to become more and more economkally 
Thu was due CO the fret diat they had imported imm ig r ant 
enfismen and experts and bad established tbcii own industries in com- 
peddon with the original centres of produedon. 

At the same dme, to avoid the city plagues and t a x a ri o n , the aristt> 
crats had moved into their country villas and had established themsrives 
on a of near self«su£ciency. As a result of the new developments, 

evoi as early as &.D. 50, d» agricultural system was being changed to 
woi^ by dependent tenants, or share farmers, pracdsiag suh- 
agriculture ^ giving services and surpluses to the landlord. 
Thu was the characterisdc; beer, of medieval Europe and the manor 
system. But these Roman esntes vrauld include hired craftsmen, such as 
weavers, smiths, carpenters, bakers and so forth. Whereas 

originally the country bousriiolds had turned to their vtlbgcs and local 
towns for such help, now they were pracdcaUy self-contained. 

Thu led to a very serious decline in the urban industries and the inw 
poverehment of once fiourishmg dries. The proceu can be measured by 
the actual contraction of urban areas. After a.d. 27$ Autun bad shrunk 
ftom neariy 500 to les chan 25 acres. In Vcrulamiom (St Albans) the 
of dty life was equally dear in the third century. When the town 
walb coUaps^ and the theatre foil in, nothing was done to repair them. 
At Wroxeter the town centre was burned and was never rebuilt. Thu 
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was die beginning of the ruin of the souller tradesman and was the 
coroUaiy of the decline of the primary producer - the peasant fumer. 

By A.D. 150 all semblance of prosperity throughout the empire had 
vanished. The bankruptcy of the Roman economy was quite clear to all. 
It showed itself in the spreading of famine and disease, which are the 
coocomiraats of poverty. In die r jo years before barbarian invaders 
&om Germany finally disrupted the political structure of the empire and 
began the Dark Age of Europe, attempts were made to rescue the 
machinery of govetamenc by an evesi more intensive focm of centralisa¬ 
tion. But the impoverishment of the empire and the decline of its popu¬ 
lation naturally reacted on the State itselfi A great army was nee^d to 
defend die fiontiers. And the army had to be equipped and paid. The 
cost increased as the Emperon were forced to hire barbarian mercenaries 
firom abroad to nuke up fi>r die shortage of native recruits, owing to 
popuktkto dediike. Administration and collection of revenue requited 
an elaborate, oosdy civil service. The Emperors qienc vast sums on public 
works, nor only 00 roads or the useful amenities of life but also on 
luxuries like the great architectural sbowpieca. While the economic 
system was expanding it could easily stand the strain, bur when it reached 
its limits the central treasury began to collapse. 

20. FRBMATURB FASCISM 

Nero employed a trick which was to be repeated by governments in 
OUT times - he fiddled his deficit by debasing his currency. Not only was 
taxation increased but compulsion was applied to industry and com¬ 
merce. The guilds ofoafismen and merc^ts, originally fiee assocup* 
ttoos, became, as in fascist Italy and in Naxi Germany later on, the 
organs of the state for ensuring the ‘loyalty* of dseir members and the 
supply of workers and materials. The employees in the public services 
were in flMC civil conscripts who were bound by employment, often 
branded physically, and allowed to marry only into familia offidlow- 
workecs. No one was now firee to adopt or ply a craft but was com¬ 
pelled by law to ft^low one. 

The fiatemioes of ship-owners, teanuten and transport worken in 
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general were brou^c under nubtary discipline. Use £Md supply and 
civil ansenicies of the City of Rome had to be nuincaioed because the 
Emperors had to rely oo the support of its people for their appointment 
and for tbeir continuance, hi Rome bread was supplied gratis and 
drones were given on 175 days of the year. Rome became 00 mote dian 
a Reified court of the Emperors whose hangers-on had to be kept 
humoured by exactions imposed on the subject-peoples. 

Prices were fixed throughout the empire by edict, so were maximum 
wages. And the tight to strike was forbidden by law. This, of course, 
left banditry or beggary as the sole resort of the oppressed tenant trying 
to escape fiom serfdom or fiom debt. In a.d. 333 the first Chhstiati 
Emperor, Constantine, made the attadunent of the share-farmer (colmNs) 
to ^ landlord enforceable by law. In 371 the Emperor Valendnian 
decreed: *We do not deem that the thare-fvmen are fice to leave the 
land to which thdr condition and birth attadicd them. If they do, let 
them be brought back, put in chains and punished.' 

The results were inevitable. Agriculture is a way of bfe. It cannot be 
maintained by reluctant firmets or by slave-labour. It is essentially the 
identiey of the peasant with his soil it means nursing his boldmg for his 
posterity and ifhe tees no future, the soil uno longer his child. Neglected, 
it becomes sickly and dies. That was die fate of the granaries of the 
Roman Empire. It was like a great estate administered by an absentee 
landlord, who had n^iected its fences and its steadings, oppressed his 
tenants and extorted their products to feed people whom they bad never 
seen and who meant nothing to them. The soils, like the empire itself 
began to crumble at the edges. It was allowed to become exhausted and 
its conservadon systems fell into decay. Unlike ihoK ganison-lfirtnets 
who had pushed out into the North African desert, had conquered the 
soil and had built the fortified fmnhouses to defend their lands against 
allcomcn, the peaomts on the perimeter of the empire had no possessions 
to defend and dicre was little to choose between the ravaga of the 
barbarians and the exactions of their imperial landlords, fit the decline 
of the conservation systems, diseases like malaria afficted and decimated 
the people and the military garrisons. The way was wide open for the 
barbarians. 
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31. CAHOIIS IN TRB DASX 

In (he collapse of the wider empire the Roman capital was moved to 
By2ancium (Constantinople). So, in the eastern Mediterranean, which 
had been the cradle of previous dvilisadons, survived a part of the empire 
which had been Rome. In the Byzandne Empire some ofthevesdgesoT 
high culture and rehnemeni (albeit comipted) were retained. Most 
craiis were practised with the technical skill and equipment evolved in 
Greek and Roman dmes. Barter, to which communides elsewhere were 
compelled to revert with the collapse of the Roman monetary system, 
did not entirely oust the money economy. Nor did the stringencies of 
local self^uffidecicy paralyse export trade completely. Greek 
continued in the public hospitals and was preserved, to be carried into 
the Arab cradidon later on. The Jews, in their dispersal after the destruc- 
don of the Temple in a.i>. 70, took mth them not only the common 
bonds of their religicm but the knowledge and skilh of the dvihsadont 
of which diey were the disinherited heirs. Thus from Paksdne derived 
not only the new religion, Chrisdanicy, which was to give its character to 
Western dvilisadon, but also die wandering Jews, the landless exiles who 
practised as traders, bankers, skilled craftsmen and doctors, «fa tr.»ring 
the seeds, often 00 inhospitable ground, of the matetial values of the 
past. 

In the northern provinces ^ the empire, however, the ailtural lossea 
were much more serious. In the ftacdonadon of what had been the- 
Roman system, communides retreated into isolation. Their world 
narrowed and the lights dimmed in the Dark Ages. In separation and in 
conflict the sodal units were driven back into local self-suffidency, a. 
precarious coodidon where a seasonal ftiJure meant ftmioe, for which 
there was no relief now to be obtained ftom imperial surpluses and 
imports. 

The vogue of modem sdentific history is to remind us that the Dark 
Ages were not as dark as we used to think they were. That is true, par¬ 
ticularly snee in our parochialism we think only of the era in Europe. 
Elsewhere cavilisadoos were flouiisbing or reasserting themselves. In 
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ChiM, for example, our Dark Ages were die Golden Ages. In India it 
was die age of Susmfe, die encydopedia of Hindu acienoe. In it we find 
them practiiing ‘rlanoplasty’, whiA meaxu turning down a flap of the 
skin of the forehead to repair unsigbdy nose defects, and alio demon¬ 
strates that they knew, what die modem immunologist learned, that the 
body system rejects alien cdli. So if an attempt u nude to graft a piece 
of skin or ftom someone else, die graft will not take. Only like 
will repair like - the graft must come from the person of die patient oc 
from an twin. The Hindus at the time of our Dark Ages knew 

dus and used the dap method, taking a patch from die patient, nourished 
by the person’s own blood supply. They had a range of* lao snrgical 
any of which might belong to modem surgical practice. 
They used could diagnose 1.120 diseases and knew the 

mcdkanal values of 760 plants. 

In Iran, in A.D. 530, wu founded the university of Jundishapur. In 
the Caliphs of Baghdad were the patrons of learning and 
of such men as Rhaies, the lute-player, one of hiitor/s great doctors. 
Rhases antidpated Pasteur by more dun 1,000 years, because when he 
was ordered by the Caliph to build a new hospit^ he hung up pieces of 

fresh meat in various parts of Baghdad and chose the site where the meat 

putrefied most slowly, because, as Pasteur was to demonstrate, the 
atmosphere was purer and bacteria less acove. 

Ptom the springs of knowledge thus preserved in die Middle East 
came the Arab medicine which spread through North Africa and rea Aed 
its highest expression in die great university of Cordoba in Moorish 
Spain. In addioon to this stream there were odiers whi A conve^jed, in 
the ease of on the College of Salerno, near Naples, whiA was 

the fine medical sch^ in Christendom. The Church, however, had no 
part in its foundalion. Reputedly it was started by four masters: Elinus 
cbe Jew: Pontus the GrcA: Adale the Arab; and Salemtu the Latin - an 
inda of its medical sources. 

The lights were not entirely out Hic barbarian hordes in Europe had 
not destroyed all the men of learning or the craftsmen and merchants. 
The Chur A itself kept Avc die techniques of writing and of numbering 
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uid the nwasuremoit of time, u in docks, and refinements such as 
gUwvl windows. And in the monastery gardens and in the church 
glebes rli<»y praensed sdenrific and exodc agriculture. While the crading- 
and ganison^icses fell into decline &om their original importance, they 
were replaced by the cadiedral dries with their permattent beauties 
crafismanship, the dedicated expr^on in scone, wood and glass of the 
arts of fiee 0tetu 

In another way, the collapse of the empire had a perverse value in 
agriculture; it compelled peasants, and their feudal lords, to find farming 
methods more consistenc with the local conditions of northem Europe, 
to work out their own soil-salvation. 


22 . CBtTIC OTBBFOFULATION 


'When the Romans arrived in Britain they had been preceded by die 
Celts and the Belgae. The Celts had already developed seeded fimning 
with yards, including the farmstead, bams and byres, and they 

had rilled the ground with a piimirivc plough. The Belgae, from the 
Continent, had introduced the heavy dght>ox plough, with coulter, 
share and mould-board, and had, alongside Celtic square-field cultiva* 
riott. practised strip-fiuming with surplus yields of grain. 

M<^rn air survey has shown the widespread culrivarion pnetised 


by those pre-Roman Britons. The groups of fields are shown usually on 
die uplands where the natural forest, if it existed at all, was more easily 
cleared chan'tWe dense oak woodland of the valleys. (This, inddentally, 
was the same reason why the Pilgrim lathers settled thdr farms on 
higher grounds whilst forest valleys, cultivated since, were then avoided.) 
t Cu, of course, is in contrast to the development of the alluvial river- 


of the ancient civilisations. Culrivarion in Britain, with its higher 


rainfall, was not dependent on irrigation. Where springs did not exist 
on the uplands (for the watering of stock and net for irr^rion) the 
an rpT*** developed the system of dew-ponds, as on the downs. 

It u quim clear ficom chM aerial surveys that all the British land capable 
of and productivity in terms of existing methods was already 
settled when the Romans arrived. 

Professor Dudley Stamp has estimated that the area cultivated and 
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cropped may have been about 4,000,000 acres, mch additional sheep 
and cattle pastures. There is evidence that Britain, in Roman times, was 
already growing wheat as bread-grain and dsat rye, whkh was to 
become the bread of the poor, was introduced later by the Anglo- 
Saxons. 

The Romans are believed to have introduced the chatnat, the walnut 
and the vine, but their impaa on British &rming was significant only 
in eemis of the iotroducttott of the ‘villa’. The villa was the ancestor of 
the country estate. It was always within reach of a city, which to the 
Roman overlord was the centre of civilised life. The owner cultivated 
the adjoinii^ fidds wids the aid of slave-labour hot probably let olF 
part of his estate to tenant fistmers or share-croppers. He cultivated for 
the market. But away from the Roman towns and the Roman toads 
agriculture remained very much what it bad been in pre-Roman times. 

After the Piets and Scots broke through Hadrian’s Wall and the 
Roman &rms and villas became exposed to attack, die Romans widi- 
drew to the towns. Hnally, all Roman troops and officials were with- 
dravm in the middle of the fifth century. 

They had come to Britain as empire builders convinced that the 
Roman way of life was the best of all possible for victor and for van- 
goished aVIff , Therefore it was something to be imposed even if people 
were unwiK or ungrateful enoi^h not to want it The Romans left dieir 
permanent imprint on Britain in the form of towns and magnificent 
roads. But they changed dse ratal picture scarcely at all, unlike the 
Ax^lo-Saxoos who followed them. 

2}. ANCLO-SAXOir OVMrorULATtON 

The impact of the Germanic invaders was quite dificrent because dsey 
came as settlers and not as the pro-consuls or policemen of an empire, 
like the Pilgrim Fathers entering New England they came in village 
grotqn, established a settlement, cleared the land and worked it on a 
communal bans. They came as fiirmen who knew the valiK of good 
land and they always placed their settlements near rtreams or springs 
so that dsey could have waterside meadows for summer grazing and 
hay for winter feed. This communal form of life resulted in villages (in 
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contrast to villas). Like tbe Bdgae, they fiivouied strip culrivadoo rather 
chan square fidds and thdr plough strips account lix the quaint nami»!t 
of British land measures. They ploughed so that they turned the sods 
towards die centre of the scrip and this sod-strip was feet wide, 
giving us the rod, pole or percL 'Furlong' is the length of an Anglo- 
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A. iDcerior of the vend. C> Loogicudnul sectioa dwwntg metbod of 
nepptng the mast 

B. The restored Gokstad (Vikn^ ship, seesi from die starboard stem 
(c. A.D. 8oe}. Lengdt 78 feet overall, beam id.7 &et, depdi d.75 feet. Tbe 
msrap of tbe mast rises in (he cenoe, with three supports Ibr awning. 

Four shields still bang 00 the bows. 'Hk steering oar has a tiller handle. 

Saxon furrow - 2ao yards long. Given the lengdi of a furrow and a 
width of four perches, we have one acre. An acre, on loamy soil and 
with the Anglo-Saxon plough, was the extent of one day’s ploughing. 
Tbe larger unit of land was known as a kiJe, whkh can be taken as a 
variable unit of measurement, the area which, under difiering conditions, 
could be ploughed by one ox-team in a year. Tbe smaller yarJiend or 
pirgau was the area which could be farmed with one pair of oxen. A 
stnallhoiding of about five acres was what could be culrivated by hand 
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by pan-time farmcn (with ocher work to 4 o oo the estate). It is iutereu- 
mg that the average kitie of the Anglo-Saxons (about lao aaes) is nil 
about the average amount of land held by the present-day Britisb 
hxmer. 

Village ploughlands were held in common. Each man was responsible 
£or the strips which were allotted to him annuaUy but the ploughing 
was done by ox-teams shared by the village. Roution of oops was 
practised even in those days. Each vilkge had three common fields - one 
in bread com; another in drink com 0>*tlcy); and the third lying &U0W. 

The Anglo-Saxon fiumers were not keen on the red and black soils of 
the chalk lands which had been fisvoured by the Cdts. The deep iron 
plou^ would have tamed up the gb«lk- They appear to have avoided 
coarse sandy toils and gravel, widi tbeir loss of water, and also the clays 
of the forest lands. Ihey looked Ibr lands fiee from floodittg, with the 
good deep loam which they found in East Anglia and along dse Banks 
of the Sussex downs and the Cbiltems. 

One thing is clear; before the coming of the Normans, the Anglo- 
Saxons, the Jutes, the Dasses and those amongst whom they had settled 
had &rmed most of dse land which it was possible to cultivaae by their 
existing methods of technology. Apart from the arable land, the avail¬ 
able woodland pastures were already being fully grazed. 

*T 1 se evidence is steadily acciuwnlating that lowland Britain was, 
according to the agricultural knowledge and farming systems of the 
time, already densely populated, even over-populated,’ 

writes Piofessor Dudley Stamp in Mm md tkt Ljmd, referring to the 
time of the Norman Conquest. 

24 . NOKMAK OVSirOfULATION 

Hie Norman Conquest produced one of the most remarkable docu- 
meno in history. It is called dse Domesday Book. After he had been 
tcsgmng for nineteen yean, William the Conqueror decided chat he 
must have a stocktaking, or inventory, of the over which he ruled. 
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‘He dien scat his men all over EngUnd, into shite, and caused 
diein to find out how many hundred bides were within that diite 
and what the King had himsdf of land and of cattk and what rights 
be ought to have yearly from dut shire.’ 

It was done so thoroughly that not a single hide or yardUmd went un¬ 
noticed. ‘Nor was there an ox or a cow. or a swine that was not set 
down.’ 5 o there is a complete and pennanenc record of the farms and 
the stocks of England nearly 900 years ago. 

Dudley Stamp draws an amusing parallel between die Domesday 
Book and the Farm Survey which the British Government carried one 
in the Second World War. Investigators went out to get a complete 
record not only of the distribution of the land but also how farmers were 
creadag it Tlkcse records were ‘brought to the King afterwatds' with 
the help of punch-card machines and in the form of soulless statistics 
quite unlike the colourful records of the Conqueror. That 1940 survey 
has had to be kept seoee because it classified fiumers as A (goo^ 
B (average) and C (poor), and the latter could proceed for libel in a 
British court of law! 

It is, however, a sale and comforting genenlisatioa chat British sods 
which were worked at die time of the Domesday Book and before are 
in as good ‘heart* today as dien, and are probably mudi improved. 

Anodier dung which Dudley Scamp brings out is the profound effect 
which the Normans, who came as aristocratic seeders not as pickets of 
empire, had on the Er^lish countryside. They stabilised ^ feudal 
system. They pinned down the landscape with thdr strongholds. They 
confirmed the village system by replacitig the wooden Saxon churches 
with the enduring stone of the Norman churdies; thus, just as in the case 
of Mesopotamia and Egypt, the dllen stayed with their altars, and the 
pattern of rural setdemenc became a one. And the Nonnans made 

the hunt the qoast-sacred ritual which its pink-coated hkrophancs 
observe to day. 

Only now in the twentieth century can a good word be found for the 
harsh Forest Laws of the Norman kings. It it diificult for anyone brought 
up on Ivenhoe, The Advatluret of Rahin Hood and the CkcUrm of the New 
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F«rtst to realise that the Normans were puUic bene&ctors and due 
agriculcucal England today owes dum a permanent debt. The Forest 
laws were ruthless. They divided the land into two parts - the settled 
parts where the ordinary laws of the land applied, and the forest which 
was reserved for the king absolutely. Those 'forests’ were not coiw 
tmiwus woodland, as the name might suggest, hut were tracts of wild 
land, often open rough ground as Exmoor and Dartmoor are today, and 
probably were then. Indeed, some of the well<«mbcred lands, like the 
oak forests of Kent and Sussex, were not scheduled as ‘forests’ in the 
royal sense. Hunting grounds were on light risky soil, which like 
Sherwood and the New Forest ate still classified as ’marginal’. 

we accept the fact that by (he dme of the Normans Enj^and was 
already overpopulated in terms of land which could be worked by ebe 
then existing mediods, it is clear that there was already pressure on those 
Riatginal lands and that there were unwise attempts to settle them. The 
fh iTKTf of successful farming were remote aisd it b an ironical foa that 
the ruthless Forest Laws, wittingly or unwittingly, were, as (06$ anJ 
All That would say, 'a good thing'. Even the compassionate Dudley 
Stamp says of the forcst^wellert, ‘Perhaps their dupossessioin was for 
thdr own good.’ 

It cercatnly was for the good of the soils of England because it pre¬ 
served dte balance of nature at a dme when indiscriminate agricultural 
setdement might have drasdcally upset it. It preserved land which could 
be ’coaxetr by later developments in husbandry. 

Nevertheless, as social measures the Forest laws of the first Norman 
kings were harsh to the point of the intolerable and u needed the Magna 
Cana and the Forest Charter, two years later, to restrain the abuses. 

He would be a rash man who would extend tbb jusdficadon of the 
Normans to later hut sinulac enforcements in Scotland. The Scots, look¬ 
ing at the empty glens of highland ancestors, will be more difiicult 
to persuade chat the deatances which followed the Jacobite RebcUion in 
1745 were also ‘all for the best'. When Scottish exUa, scattered aU over 
the world, don theb tribal garb and invoke their dan orient, they keen 
the lament for the abandoned glens and forsaken hills. They recaD how 
tbeit fotefitthers were driven oat of the Highlands into far countries. 
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'Huy talk of the people who were driven out of the glcm to make room 
for sheep, to supply the wool mills of the south, and how the sheep 
later gave way to die deer, for the spon not of kings but of wealthy 
En^ish busbtess men and visiting Americans. They denounced dMMe 
who emptied the Highlands and turned them into Kcnery. In their 
reproachful nostalgia diey are not likely to be penuaded that it was really 
a kindness because the Duchess of Sutherland, who was responsible for 
the hnt evictions (i$2o) had been advised by a groupofagrioilcuialists 
that the lands were unsuitable for humans but suitable for sheep. Today 
nearly four millioA acres lie desolate ‘and strainer lords, by vagrant 
pleasure led, track the lone deer’. This, whatever may be said of 
die Forest Law in England, was a running-down operation in Scotland - 
a perverse lesson in ecology. 

25. BLACK DBATH AND TH8 BLACK COCNTBT 

The Black Death of 134S-49, when half the population of Britain 
died, produced radical changes in the farming system of the country. It 
may ioelf have been in part due (although its direct cause was the flea- 
carried bubonic plague) to malnutrition in a country already over- 
populated in relation to the food it could produce. It was mainly the 
labourer who died, because he was hungry and because he lived in 
hovels overrun by the tats wluch harboured the ph^w. The Bbck 
Death wiped out whole country communides. Land was untUled and 
villages deserted. 

Because of the shotuge of cultivators, diere was a swing from arable 
farming and crop-raising to sheep fanning. It is r ec kon ed that around 
that dme the sheep population increased to 12,000,000 in England and 
this produced a closer bond than had existed before between town and 
country, because wool was the source of common survival. It became so 
important that the Lord Chancellor, presiding over the House of Lords, 
tits on a woolsack to this day. Wool was the basis of an export trade 
which brought in staples, like corn, to eke out the diminished ce r eal 
production. And so k was, in a tense, the beginning of commercial 
England, ofthe eta of the merchant princes. 

This pastoralising of England was, paradoxically, the forerunner of 
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the IndtscrUI Revolutioa. People fi^et dot the Industrial RevoluQon 
did noc b^in with tbc ioTentioii of the steam-engine, but with the 
enclosures of the commoo lands on whi^ the yeomen and commoners 
bad the to graze their sheep and catde. Hie endosure of these lands 

within the great estates b now recognised as a practice beneficial to the 
I»nd, however harsh it may have been in its effects on tbc people. It 
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enabled land which had gone out of cultivation following die Black 
Death to be brought un^ the plough again, and it restored proper 
land management in terms of drain^e, fencing, rotation and ooo- 
servatioQ of pastures. It meant, however, dispossession of free men, and 
by the eighteenth century had produced a fiow of the landless into the 
towns to be available as Idxiur in fectoriea; these were workshops of 
hired hands, even befiwe the introduction of the spinning jenny, the 
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mechanical loom and the iceam engiae which later replaced the water¬ 
wheel as the source of power. 

With the development of the export trade and of die navy needed to 
protect h came the onslaoghts on tl^ great native oak forests. (A curious 
footnote to this is the fact that the shipbuilden determined the forest 
management tn a way whidi is still evident in die England landscape 
today. They had to hnd their curved ttmben in the shape of the Umbs 
of the tree - while cutting the straight planks from die trunk. The 
variety of hull-shapes could only be obtained if the branches were 
allowed to spread in certain ways. So trees were sdecdvely cut to 
produce this ejfea and the dense oak forest whidi had defimted the 
Angl o-Saxon Gamers was replaced by the coppices.) The other &aor 
was the demand for iron, for cannon, chains and armour. As we have 
seen in other parts of the world, the need to get charcoal for iron-making 
and for cement played havoc with the dmbcc-lands. Much of the de¬ 
forestation of Britain wu directly due to the iron-smeldng industry. 
The southern woodlands disappeared and die iron industry of the 
Weald, m ICent, came to an end with the exhausdon of wood cbaicoaL 
Then the industry shifted to the Midlands and the coal seams of the 
Black Country of the ironworks. 

Coal had been mined in Britain for centuries before it replaced char¬ 
coal in iron smelting. The first charter giving liberty to the town of 
Newcastle-upon-Tyne to dig coal was granted by Henry m in 1239 and 
in Scotland the Abbot ofDunfermline was granted a charter in lapi. The 
first nun to smelt iron-ore successfully with coke (in which the harmful 
sulphur has been removed from the coal) was Abraham Darby in 1709. 
\(nth edee, die iron became more liquid in the smddng process than it 
had done with charcoal and it was thus possible to make lighter castings. 
Around 1^50 coke-produced pig-iron had achieved the quality which 
the forge-masters were prepat^ to accept This is a significant date 
because iron-making had esicouraged the extension of coal-iimiii:^ and 
coke-iron. A new abundant source of fiid was available for the steam- 
engines. 

The stage was thus set for the first Indusoial Revolution. The land- 
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ten were available as factory worken. Maas-produced iron dunged 
metal-workcn from blacksmiths into machine-makers. Mass-produced 
coal was abundant as fuel And James Watt was about to inTcnt the 
steaDKogine. 

24$. OUT or TH8 RAST INTO TUB rXBSBNT 

That invendon we can count as the end of the past and the beginning 
of the present. Out contemporary scientific and technological civikta- 
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tion is DO older chan die United States of Araerka, the political founda¬ 
tion of which coincided with the advent of the steam-engine. 

The were now able to produce surplus wealth on a scale 

never possible in previous history. From the material prosperity which 
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resulced, men obtained the means and incentives which have made 
possible the marvels of the mid>twentiedi century. What we see today 
is the aocelendon of a process which has been going on continuously 
for aoo years. Industry provided the demands and set the pace (or 
science. (For example, at the end of the eighteenth century when fac¬ 
tories made the mass-production textiles possible, the mill-ownen 
would have been balked if they had bad to cdy on sun-bleadung of 
th wf &brics. This was the duJlengc to the chemists to produce the 
bleaches.) It was the new industrialists like Watt, Boulton and Wedg¬ 
wood who reinvigorated the Royal Society of London. It was a British 
industrialist, James Smithson, who endowed the Smithsonian Institute 
in the United States, which he bad never visited. The industrialists, with 
their new wealth, backed the curious enterprise of Benjamin Thompson, 
the American 'colonist* who became Count Romford, and established 
(he Royal liutitution. He promoted die idea of ‘an establishment for 
finding the poor and giving them useful employment... connected 
with an enstitutioa for bringing forward into general use new inventioDS 
and improvements, particularly such as relate to the man^ement of 
beat and the saving of fud and to various other mechanical contrivances, 
by which domestic comfort and economy may be promoted.' But it also 
included the ‘teaching by regular courses of philosophic lectures and 
experiments’. Thus it providied the laboratory and lecturing fiicilicies 
foe Sir Humphrey Davy and for Faraday. In terms of the latter, the 
Steam Revolution dius promoted the Electrical Revolution. 

Industry stimulated scieaice. Science set the pace for industry. In 1S40 
a new word entered the dictionary - 'scientist'. The ‘man of science’ 
vdio had hitherto been indulging hts curiosity about natural pheno¬ 
mena now became a vocational ‘^t’. Sdenoe was no longer just a port 
of learning; it had become an end in itself. The degree to which this 
specialisation pr^ressed can be measured by the &ct that in 1870 there 
were only six laboratories in England but by 1900 there were 

over a thousand; 'scientists* were coming off*the ptoducrion tine. 

The nineteendi century might well be summed up as the age in which 
the Machine took over die functions of Musde. The first half of the 
cwcsitieth century was the period in which m ac h i n es began to take over 
the fuoctions of the human senses u well. ELectronics have given to 
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induttry devices which are more sensitive, more accurate and, indeed, 
more reUable those senses of sight, heating and touch which fint 
diHacnmted out trce-ooccstots &om the gtoundlii^ beasts, and the 
devekipmeDt of which produced the coavoludoiu of t^ brain of chink¬ 
ing Man. The photo^eceric cell, for its ptedeterrained purposes, is 
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more precise and cotutanc chan the human eye. The micropbone can be 
refined to, and beyond, the Acuity of human bearing. Electronic devices 
can conizol and mampulate massive machine-tools with a pcecisioD, 
where ncoessary, ofa millioothofan tndi-&t beyond the ‘fixl* of die 
most skilled crafcousi. The electronic computoc includes a ‘memory’ 
more in&Uible chan Man’s, can do calculations hundreds of thousands 
of tunes faster than any mathematician, and without human frailty or 
cocnpusicdon will eocerdse Man-giveo judgments, or even, in the highly 
advanced types, make valuojudgments of their own. 


i 

1 
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37 . MAN SHRINKS HIS WORLD 

Man bu encompassed his world with arti£idal satellites; has reached 
out for the moon; and, beyond it, for the sun. He has ledoced his planet 
to dimeiuions which can be oicircled once an bout by a machine of his 
own creatioii. In the course of a single day every place on earth will pats 
under such a sateUiie in its orbit. 

There may be escape routes to other planets but for mankind in 
general those circling satellites should be a reminder of die small world 
on whidi the multiplying millioiu have got to contrive to exist. They 
should be a reminder to us of die totality of our present civilisation. 

Ever Homo sapUns first began to master his environment his 
species has survived and multiplied because ic has been possible to extend 
the local Emits of capacity. In the past, those limits were extended ettfaet 
by technological means such as irr^ation or by expansion through 
empire or emigration as when the new continents were opened up in 
the nineteenth century. Now the local limits ace global Emits. Man has 
to become, by ingenuity and wisdom, the master of his environment on 
a world scale. 

Knowledge, which is what scicooe is, is not wisdom. Wisdom is 
knowledge eempeted by judgment and judgment is the awatcsiess of 
past experience- and, most important, of past mistakes. That is why this 
hook has given »o much attention to past civilisacions before ic fices the 
challenges and oppoRunides of our ptescni civilisation. 
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A Pause for Thought 

True Kksa ccadiet ni to doubt, aDd, n ignonnoe, to 
rdhiB.' 

CLAVDI •SKMAAP 


1. SADtOACTITB SAIN 

Ima gine the geoic of AUdJin’s lamp bett^ ordered to escort a rain- 
diop from the middle of the Pacific to the sources of the NUe. 

He w>>iild catch it as it fdl into dse ocean. 

it would elude him by turning into water vapour in the palm of his 
hand and by escaping into a doud. 

He would bang oQ dw skirts of that cloud, as it scorned over the 
Rocky Mountains; 

^ve after the taindrop again as it fell into the head>watcts of the 
Mimssspi; 

Swim after it down the river to the Gulf of Mexico; 

See it evaporate again on the tropical beat of the Caribbean to be 
carried by the dimatic currents to the mountains of Ethiopia; 

And he would go plunging with it into Lake Tana, to follow its 
journey down the Blue Nile. 

That is not, nowadays, a nursery story. It u sdendfically possible to 
potsoe a raindrop in diis way and to leant from it dte hidden mysteries 
of our climate. 

Ihe 'genie' is tritium • triple hydr^en - a tadio-botope. Tritium is 
needed to produce, and is released by, H-bomb explosions. Those 
explosions are the result of a process like that by which the sun produces 
the rays of energy on which all life on earth depends. In dtc sun, with 
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biOioiu of yean in which to do die Job, the process is complicated, but it 
consists of building up hydrogen atoms into helium atoms, and releasing 
a lot of ^»re energy. (‘Spare’ inearu a thousand times more extergy than 
comes from the splitting of atoms in the fission-bomb.) It nee^ four 
hydrogen nuclei to nuke one of helium. Tritium is triple hydrogen 
which means that only one more atom has to be fiash-wdded to 
bchum, and the resulting explosion. But lots of waste tritium goes up 
into the sttamsphere and circulates round the earth. Because, IiIk 
ordinary hydrogen, it combina with ox)^en to make water-vapour 
(H« 0 ) and thus form into rain, the tritium comes back readily to mrth. 

hi the blizzard snows of the Arctic and Antarctic, the geyser springs 
of Colorado, the raiiu of Chicago, the Thames water of London, the 
dstems of Switzerland and the sources of die Nile, this radioactive 
hydrogen has been found. The traces are minute and harmless, but 
measuraUe and £a greater than can be explained by natural txiciuni 
which is created by cosmic rays from outer space coUidii^ with the 
elements in the air. The increased txinom is man-made, released by the 
hydrogen bomb explosiom in the Pacific and Soviet Asia, and it has 
been used by the sciendsts to gain knowledge about the world's weather 
and about the movements of air and ocean currents. 

They have been able to track the movement of ocean water over the 
American continent. The rain douds farmed by the evaporation of the 
Pacific are precipitated by the mountains. About a diird of the water 
in the Upper Mississippi Valley conies &om the ocean rain. The other 
two-thirds are &om watet evaporated ficom the land surface. This was 
shown by tritium evidence. Following through the process, they found 
that the water returned to the oceans as river-water or as moisture in 
the air-masses moving fiom die land to £dl as rain over the sea. Hsus 
water from the Pacific was carefully checked across the United States 
and into the Atlantic. 

Another surprising discovery was made in the hot geysen of Colorado 
whidi were supposed to be Jets from primeval springs: they were (bond 
to contain H-bomh tritium from the remote Pacific. This showed that 
die geysers were, in part at least, supplied by rain water seeping down 
into the springs, to be boiled up and gccted. 

It was also found possible, with the aid of tritioro, to measure the age 
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of water, to teU, (or example, whether springs were regularly le- 
plmiihed with rain, and at what intervals. This was important in dcKtt 
conditions where heartbreaks have happened when wells wluch had 
seemed promiiing have given out after a few months or years. The 
explanadoQ has been that water was coming ftom geological pockets, 
k was ‘fossO’ or ‘plntonic’ water wfakfa was sealed offin the IbmiaDoa 
of the earth’s erase The scarce, in that case, b no more than a water- 
bottle which, once cannot be refilled. 

a. tADlOACTlVa riANTS 

Wonderful! But there u another side to the story. What b true of 
trkium b true also of more dangerous radioactive by-products of the 
H-bomb explosion - radio^topes such as radio-strondum and radio- 
cesium vduch are harmful and even lethal to life, and which are carried 
by the same or dimadc movements. 

The risks of another bomb-made botope-ndio-catboa-were at fine 
minimised by the e xp er ts because it u what b called a brm-emitter. That 
me»rn diat b gccts dectroos ftom its nudeui atul those electrons are 
not particularly dai^erous to human beings. 

It has been meadoned in thb book ^ 41} bow radio-carbon can 
be used to hdp os date more accurately arcbaeological finds, and so 
establish dse dates ofpre-fasstory. Thu b possible because radio-carbon 
exists in nature and, like ordinary carb«i. combines in all o^anic life. 
It has what the sciendsts call a ‘half-life’ of j ,000 yean. That means that 
half the original atoms wiQ have split and decayed in that and half 
of the remainder will decay in the following 5,000 years, and so 00. 
Ftom the various propordotu die periods of time can thus be measured 
up to 30,000 yean. But man-made radio-carbon also combines in the 
dxmbtry of all hvii^ filings. Neutrons, atomic particles firom the 
H-bomb, the nifw < g fn in the atmosphere to change into tadio- 
caibon. Thb will combwe in the algae of file sea and the plana of the 
land and will enter into the food-cycle, on which lift depends. It may 
not be visibly harmful to human beings or to the hi^iet organisms 
but scientific concern has been expressed, rather belatedly, as to bs 
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e&cR on tLe more sensitive miao-o^inisttis and jvlanw Even 
beM-euxisstons might radicaUy change or kill the benevolent organisms 
which are part of the food-cycle of animah and men. 

3. KADIOACTIVB PBOBLB 

Scientists, course, know a lot about the physical chaus-reaction 
which causes the explosion in the A-botnb and acts as the deto tac o r in 
the H-bomb, but very little indeed is known about tbe biological ebain- 
reacdon which radioactivity ntay produce, k is known that tadii> 
stcondum, which never existed in nature, is present today in the bones of 
Atom Age children probably everywhere in the world. Radio-strondum 
imiutes calcium and enters into the bone-building process. It escapes 
Grom the H-bomb as a gas, to become particles of ladio-strondum, and 
is stored in the stratosphere, moving with the climatic currents and 
coining back in rain. It has a half-life of nearly twenty-five years. Among 
milk-drinking populations the strondum passes through the cow. It 
gets ori^aUy into the soil and then into the plants which the cow eats 
but it is in part retained by the cow so dm the quanddes passed on in 
milk are reduced. This is not true among populadons which get thdt 
food direct from the soil, like the rice-eaten of tbe Orient, and the 
United Nadooi invesdgators found chat tbe amount of radio-strondum 
absorbed into the bones of oriental children was six as Mgh as the 

proportions in occidental children. The clinical consequences are debat¬ 
able : it is not known bow many cases of leukaemia or bone-cancer nuy 
be attributable now and in tbe future to this intake of cadto-strondum - 
but everyone is agreed thar any tadiadon beyond that which already 
exists in nature can be harmful, shortening lifi; even when it does not 
produce deadly diseases. 

4. BADtOACTIVB CHICCBHS-HOMB-TO-BOOST 

Since id July 1945, when the first atomic bomb was exploded at 
Alamogordo in New Mexico, eodxely new foctors have been introduced 
by Man into his environment - foctors capable of affecting the balance 
of nature, in ways still imperfectly understood. 
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In tiiu hook luTc been lookicg at the achievetnenes and mistaius 
of the From now od we will be gramtning the possible achkve- 

Eoents and of (he modems. And we base to remember that we 

are no longer dealing with tnMll localitiet like the land between the 
Euphrates and the T^tis, but with a whole planet round which a piece 
of man-made hardware can drck once an hour. Our mistakes, like our 
achievementi, can be writ large on a world-scale. 

The cainen>eye of an artificial satdiitc acanning dw globe, rotatu^ 
once a day within its orbit, can see no ‘curtains' or &ooctets. There arc 
no fiontien in the terms we are now disnming. When atomic experts 
are not sure of the haxatds involved, they push the hazards as £u away 
as they possibly can. New Mexico or Nevada, whose deserts were big 
enou^ for die atom bomb were not big enough fix dbe H-bomb. So 
American tests bad to be carried out in dhtant iitands in the Pacific. So, 
coo, vnth die British: dicy pushed the hazards away to Chnsenus Island 
in the Soudi Pacific. So too with the Rosstans; they earned out thdr tests 
in remote parts beyond the Urals. So too with the Fretich in the Sahara. 
Ihe &Il-out of radioactive sewage whid) was supposed to be safely dis> 
poaed in some remote place was fiiund to be 'banding' in the jet streams 
dreubcing louiul the notthem bemispbete and to be coming down, 
hWi» radioactive en ming home to toost, on the very countries 

who had initiased it - and also on nei^ibours who had had no part in it. 


5. SAOIOaCTITl BUItAL-CROCHDS 

This does not apply only to fitO-out. It applies to radioactive waste, 
both from miliary atom-betories and &om the reactor-sations, en¬ 
gaged on peaceful uses. In the fission process, in which aergy is released 
by the splitting of atoms (but not in the fustoe process in which the 
H-eneigy for industrial uses will be released by die building up of amms), 
there is bound to be radioactive waste. Some of that waste is relatively 
harmless, but some of it b disdnedy dangerom. There arc long-lived 
radioactive by-prodoca which remain dangerous for years, decades, 
centuries and even millennia. (Plueonium has ahalfijjfe of 34.000 yean.) 
Tbeb disposal b a major puhhe-healdi pfobkm. 
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Odien are short-lived and virtuaUy harmless. Even they have to be 
treated with such scrupulousness that at Harwell, for inoafwi: - , the 
effluent which is discharged into the Thames has a lower radioactivity 
than the natural waters of the river itself. 

Others, again reladvdy harmless, are regarded as fit to be disdu^ed 
into the sea. At Windscalc, the atom fictory in Cumberland, the pip^ 
lines for this second type of effluent run two and a half miles out into 
the Irish Sea, where wastes can be dispersed and diluted by the currents. 
Nevertheless, contbual studies have to be made of the organic li& in 
the Irish Sea before the Ministries ofHeal th and Fisheries can be ccassored. 
Here very few signs of radioactive ‘pick*up* have been found except in 
the case of seaweed, which is shghdy more radioactive than norind. 

There are even more dangerous products which are a costly hgatkrhg 
Noe only are they radioactive, but the radioactivity generates heat and 
therefore any atomic ‘cofflm’ have to contain and withstand this heat 
and they have to be interred in ‘burial grounds’ (the official term) where 
they can remain undisturbed for an indgfinltg period of tune. In fourteen 
years, the United States accumulated 65,000.000 gallons of radioactive 
elements, stored in more than lOO indcstructihle steel tanks. Those cost 
more dun ^58.000,000. By A.D.2000theamoimtof wastefrompeacefol 
uses wilt be so g;reat as to require, on the present syscesn, over 1.000 
acres per year of ’burial grounds', even if they use the most compact 
methods of disposal, such as fusing the fission products in ^ass. 

As the chairman of the ‘haards session’ at the second Geneva coss> 
forence on the Peaceful Uses of Atomic Energy said: tombs of 

radioactive waste ace becoming as elaborate and as expensive as those 
of the mummies of the Pharaohs.’ 

6. BIOLOGICAL CBAIN-KBACTION 

There seem to be few ways of avoiding this burial system. It is true 
that much of the radioactive waste, in terms of its separate dements, is 
valuable as radio-isotopes for research in industry, medicine, agriculture, 
etc., and in medical treatment. That may be some consolation to the 
cconocusts but scarcely to die health-hazards experts, because it means 
that instead of being safely buried, the radioactivity will be distributed 
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in small uaio all round the world and mdeas the dements are handled by 
respoosibte expats onda international sa&guards, the risks may be 
increased ratha dun reduced. Unda wise international controls this 
last anxiety might be removed. 


An alternative which has been heavily canvassed is to dump the 
materials, embedded in c o n c r ete or in durabk containers, into ‘trenches’ 
in the oceans. In the drowned landscape beneath the seas there are great 
valleys by comparison with which the Grand Canyon of Colora^. a 
mile deep and two hundred mila long, is not so very grand. Nineteen 
ocean ‘tteaches’ are ova four and a half miles deep and some are 
tfiousands of miks long. These s eeded to be likely places. It was assomed 
that they were troughs of stagnant wata. There, so the argument went, 
tlu dangerous elements in their c o na e te or metal coffins would Ik un¬ 
disturbed until their radioactivity was spent. 

I renoemba the constanatioQ which was caused at the first Geneva 
conference when this suggestion was challenged. An American oceano- 
gtapba asked one of the e x p erts where in the Atlantic this might be 
done and, on betog told, indignantly pointed oat that throc^ that 
partioikf canyon ran an undersea riva with a fierce, fesc current which 
might batta the conoinen and release dse activity. The Russians on dut 
oecaiioe also entered a caveat about the glib assompoon that the inter- 
dtti^ between the bottom waten of such ’trencbei* and the sui&ce 
was a slow one slow esMM^ to pve the assurance that no m anrr how 
kog-hved. the eltmems would not be brought back in dangoous form 
to dse surfece. 


In the three years between the two United Nations’ conferences (1955 
and 1958) die Russian ship Vtiyte carried out oceanogra^diic surveys of 
twelve o£ the nineteen ‘trencha'. A detailed account was given m the 
aecDud conference of the in the Tonga Trench which eztesids 

southwards for nearly 700 miks from the SamM Island to the Kemudec 
Islands. The expedicioa found diat, by comparison with the finding of 
the Danish GaktM expedition in 1952, the deep wata temperature had 
risen. It was fotmd that even at the greatest depth, a change of vrata 
taka place in as brief a period as five yean. The dutribudon of oxygen 
and pbosphata and the presence ofliving organisms consuming oxygen 
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at evexy depth showed that die water was acthrdy mixing, homootally 
and vertically. That meant that the dangerous materials with long-lived 
ladioacttviry would be liable to brealc loose and escape upwards into the 
upper layers of water. There the marine life would become radio- 
acdvely infected and form a biological chain-reaction which would end 
up in die food of human beings. 

This wamii^ was reinforced at the conference by Dr B. H. Ketchum. 
of the Woods Hole Oceanographic Institution. He showed that there 
was a kind of biological devator in the sea which would bring radio¬ 
active material from the deeps to the surface. Sea plants and organisms 
concentrate fission products, assimilating them from the water, in which 
they may be in dilute proportions, and storing them. Thus the plankton 
in the Bikini test area of the Pacifk had 470 times more radioactivity 
than the water itself living organisms could pick up, concentrate and 
transfer the radioactivity from the contaminated layers of the ocean to 
the uncontaminated. Dead organisms would sink towards die bottom 
and the fission products, bound up in their siceletosu, would incrraw 
the radioactivity in the depths. Thus there would be an upward and 
downward biological movenient ^ radioactivicy apart from the 
physical mixing of the upper and lower waters. This dra^cally changed 
the picture which assumed that the transfer between the deeps and the 
surface would take more than 300 years. 

7. RADIATION KNOWS NO PRONTIBRS 

Ihcn, quite apart from the bombs, there arc the airborne risks. Those 
were demonstrated, fortunately without serious harm, by the ‘burn¬ 
out’ of the British reaaor at the Windscale ^utonium factory. In 1957 
one of the reactors, which had been operating since 1930, 'misbdiaved'. 
The reactor was air-cooled. The air from the atmosphere was drawn 
through filters to remove impurities which might become radioactiTe, 
and was then blown through the reactor core. The exhaust air was 
passed through a bank of filters mounted at the top of a stack 410 fret 
high. These filters trapped the larger particles from the damaged reactor 
but finer pardcks and gases escaped.' 
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TIm measures aken as a result of the accident are now the textbook 
lesson for public health aothorides everywhere. They included making 
an exact record of the meteorological conditiotu and of the findings of 
the ‘dying squads' of radiation experts who toured the area examining 
the herbage, the soil, dve water and milk. The milk revealed the presence 
of radioactive iodiise and the supplia from farms over an area of 200 
square miles were banned. Vegetables, eggs, meat and drinking water 
were monitored but no contaminadon was found which could coo* 
stitute a hazard. Adults and children were clinically examined to di^ 
cover if ndio-iodinc bad been ingested and had found its way to the 
thyroid gland. No results were found to cause dismay. The survey was 
extended to southern Scotland, Yorbhire, Lancashire, Westmorland 
and North Wales, and amples of milk were collected from districts 
hundreds of miles away. Traces were found in harmless propoitioins 
but they showed how widespread the possible effects could be. 

This experience, however harmless in the circomstanccs. underlined 
the demand hy the Netherlands Royal Academy of Sciences (or inter> 
national measures to control the radiation risks. The spokesman of the 
Academy, Professor J. H. de Boer, emplusUcd the demonstrable truth 
that radiation knows no ftonticn. The hazards arc particularly serious in 
areas of deme population and industrial activity, such as Western Europe. 
He pointed out that the sitmg of reactors might be a risk to neighbouring 
countries and there must be intcmatiotial agreement about their location. 
He cited 'stationary sources of danger* > all types of reactors, (iiel re¬ 
processing phna, stores of radioactive wastes and industries increasingly 
using radio-isotopa. He also dted ‘mobile sources' - atom-driven ships 
and possibly atoit>>propdIcd aircraft and the trasupoct of radioactive 
materials by sea, air and land. The radioactive material might cross 
territorial (rontsen in the atmotphoe, the waters of the ocearu, rivers, 
canals, etc., and by actual transport. 

All this emphasises the fact that our Atom Age civilisation is global in 
its risks as well as in its opportimities and that, in bearing in mind the 
lessons of the past, wc must be aware of our limited knowledge in the 
present, and take care that we are not, in ignorance, prgudidng the 
future. We may be appalled by the inroads of the deserts resulting from 
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past misakes but they arc minor compared with Man's new capaciocs 
to change bis environment for ill as wcQ os for good. 

8. PBANUT POLITICS 

In the years immediatdy after the Second World War Britain was 
desperately short of fats, as well as the bread to go with them. Ernest 
Bevin was the Foreign Secretary and be dared to turn this domestic 
shortage, this kitcheiHpoIitics, into foreign affain. He went and faced 
an audience of housewives in Lancashire, where Gsh-tisd-chjp shops are 
as commonplace as hamhurger and hotdog stands are in the United 
States. There the ‘Frying Tonight* signs had long been the oonsdation 
of any family trying to eke out its rations with fish and clupt wrapped 
to rak* home. Bevin told them: 

‘You complain because you can't get fish-suppers in Lancashire. 
Why can’t you get ftsh-suppen? Your Lancashire trawlers ate bring¬ 
ing the fish and there's plenty of potatoes. But die fish-fryers can't &y. 
And why can’c they fry? Because diere’s trouble in Indonesia: because 
there’s a lot of bother in Burma; and because we haven’t got thix^ 
straightened out with Siam. And, because of all that, India can’t get 
lice from these countries. And because India has to grow fiiod {or its 
own people we can't get ground-nuts firom India. And because we 
can't get ground-nuts from India the Lancashire fish-fryers can’t get 
the oil and you can't get your fish and chips.' 

Peanut politics, thus graphically accepted by the Foreign Secretary, 
were to pUy a very big part in British af&iis and figure largely on the 
map of Africa. 

In giving his picture of world interdependence on ground-nuts, the 
Foreign Secretary might have gone even further back. The ground-nut 
had a hnmble history. It started olf like so many other staple foodstnfi, 
in South America. It was taken firom there to the East and to the West, 
to Africa and to India, by Portuguese explorers. The slave-ships from 
West Africa took die peanut bock to the United States where it became 
a popular crop, and a amp le delicacy, among the slaves in Carolina. 
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During tbe Cml War. the soldim of the Northern armies acquired a 
caste for salted peanuts and took gri>ttad>outs back to the North, where 
they became, eventually, the staple food of the ball-gatne crowds. 

Ihe body cannot function without fats and edible oils. The 

Ptlrimna , without plints, have no direct access to carbohydrates but they 
survive very well (when they can get them) on meat-protein and fats. 
The explocet Ste&nsson tried an Arctic experiment of living on nothing 
but meat Thas was aU ri^c as long as it included the fat, but when he 
ate nothing hut the lean he became violently ill 

In the lam, after-war yean, the British - 50^000.000 people on an 
■siand, depending for half tb^ir food on foreign countries ~ were be¬ 
coming ifvripi cnt Scefanssons. His early symptonu had included irrita¬ 
bility. and the British people, reduced to one-chitd of the normal con¬ 
sumption of odi atsd fius, were becoming personally and politicaUy 
restive. Where were the £)ts to come from? 

An executive of the United Africa Company was pondering this 
problem as he flew over Tanganyika en route for Dar-es-Salaam. As he 
looked down he saw what he taught was the answer - great empty 
stretches of deserted scrubland with red soil. Only 6,500.000 acres, 3 per 
<ytir of the territory, were under cultivation. In hb brief stop-over at 
Dar-es-Salaam bis ‘instinct’ was confirmed by chose who knew the 
country. He recuroed to London with a scheme which was too big even 
for Unilever, the parent company of ‘United A&ica’, to handle. He 
put the suggestion up to a harassed Minister of Food, who immediately 
sent out a ^ceHnan mission on a quick (too qukk) re c on n ai ss a n c e of 
the territory. They hacked chdr way through the bush into the scrub, 
the red soil, found it peanut-worthy; took the advice of the 
scttkrs, glanced at the rainfidl charts; and put forward a scheme for 
transforming 3,000,000 acres of Tanganyika into margarine for the 
British housewife. 

Remember this was 1946. We had just come out of a war m which to 
the eng ineer nothing was too big nor imposstUe. *Pluto', the oil pip> 
line, had been stnmg across the Channel for the Normandy landings. 
‘Mulbctiy’ and 'Gooseberry', the portable quays, had created ports on 
open beaches, and machine* by the hundreds of duntsands had poured 
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into Burope. The po«&-wai food emogency bad the urgency of batde. 
What might have been called *Opencion Insb>aod-chips’ was launched. 
It was esdmaced to cost ^3,000,000 and the expense was authohsed 
by Parliament. The rest is acrimonious history. By the critics of d>e 
Government of chat day the Ground-nut Scheme can be written off as a 
costly &ilure. I do not agree. I think that all the millioos dut went into 
it were a useful if unintended contribution to mutual aid and U.N. 
Technial Assiftaace - as a warning of the things you cannot do to 
nature and get away with. (Incidentally, a substantial part of the scheme 
was Intima tely salvaged and worked well.) 

9 . BUL10021N0 MATURE 

Basically, the trouble was diat the Ground-nut Scheme bad been 
r^arded as a job for engineers - a military operation ins{nred by the un- 
pt^uctive and destructive efforts of war and directed in the actual 
onslaught by military minds. Nothing like enough held work was done 
by people who kzsew the wilfulncss of luture. Even the local meteoro- 
h^ not been studied suffciently; not the avaikbilicy of groond 
water; nor was the nature of the soils sufficiently understood. Of course, 
soil surveys were and the samples, which were taken in the dry 
showed diat diis was 'good' soil; it had die right consistency and 
characteristics. But as events proved, U also had the fickleness of tropical 
soils. Came the rains and the soil caked because of its clay-content. Came 
the e<]uatorial sim and the soil dried out so bard dial the crops were 
imprisoned in it. No one had realised the abrasive qualicy of the soil, 
wl^h ruined ploughshares and wrecked implements. 

Used tracton, sal^•rltsted 00 the beaches of the Philippines, and cotw 
verted Sherman ranWt from recent battlefields were sent in to bash down 
the forests and tear up the scrub. The engineers, who had made airfields 
anywhere, any time, during the war, bad foreseen no difficulties in bull¬ 
dozing nature. They did not know the African senib! It was not just a 
of hoeing weeds on a large scale. The roots could not be pulled i^; 
they had to be cut in advance and the soil, in conspiracy with the scrub, 
blunted the shears. And when they did get the roots up they had loosened 
foe soil whidi the toots had held together. B^d die relentless 



22 S 


TUB IKHBKITOBS 


macliiiKty came modciog cloudt ofdust- the loil which was supposed 
to grow ground-outt - and gu]]ey*<ro«ton in the tracks of the tractors. 

There was a reasonable excuse for everything that went wrong; on 
a sRuU scale it would have been a matter £bc adjustment; on a large scale 
k was a chronic aiiia. 

ta JBIPS AND JU-JU 

Then there were the people. The staff were responsible eseperts, but 
they were experts in their own field. They were the voltuiteen of a 
dvilian expeditionary force. Ac one time the labour force totalled a/MO 
ntm and women from Britain and 30,000 Africans. In the main, the 
tribal Africans were being brought into the White Man’s mechanical 
world for the first time. It was relatively easy to train dsem to handle 
machines; indeed, in dse end, the Africasss, more fimiliar with the terrain 
and the peculiacioes of the scrub, bcame better at handling the machines 
than the White dhvets. Maintenance, however, was another matter, 
although again the African eventually proved themselves esctremcly 
6ux that an African’s eats were dragged downs 
to his shoulders by heavy rings in the lobes did not make him any less 
capable at a lathe.) There were labour troubles of a very different kind 
fiom those which contractors usually encounter, because the local tribes 
bad their ju-ju assd theit supendtioas. 

One youi^{ district engineer was confronted by a sit-dowm strike 
when a baobab tree was jarred. This is an enormous tree of the 
African savannah land, sometimes twenty feet in diameter. The fat 
trunks of the baobabs are aowned by branches that look like roots; 
indeed, the local lore ii that once the gods were angry wrids the baobab 
trees and buried them head downwards. I^om bitter expcricnice, after 
crying to uproot these trees, the temb clcaten learned to go round them. 
But one day a bulldozer collided with one of them and jerked a skull out 
of its crunk. This was an ill omen and the African squads quitted work; 
the spirit of an ancestor bad been disturbed. 

The young engineer acted quickly. He called acouncil of the elders. ‘It 
is true.’ he said, ‘that we have disturbed the skull of the Unknowm One. 
But let us gain from this misfortune. Let the skull of the Unknown One 



A PAUSI POK THOUGHT 


239 


be placed on my right hand in council and let it whisper wisdom in my 
ears.' And it was to. The skull took part in the council and its advice to 
the engineer was that the tribesmen should go back to work. Heeding 
their ancestor, they did so. 

II. THB LBSSON OF TH8 BUIS 

Misgivings were felt quite early about monoculture -> dependency on 
ground-nuts as the only crop. So someone had die bright and right idea 
of introducing another oil-<rop - sunHowers. Those would have the 
advantage of allowing the soil to recover from the ground-nuts, of 
letdag the insects and micro-organisms get to work, breaking up and 
helping to the soil. But sunflowen have to be pollinated by bees. 

There had been plenty of bees in the wild wilderness. They had been the 
plague of the sccub-elearers who bad found themselves being viciously 
attacked by the swarms whose hives they had destroyed. But they luJ 
been destroyed in the thoroughness of the scrub clearance. The result 
was a ^ntasde episode in which bee experts were rushed out from 
Britain to see what could be done to restore the bee populadoo. In the 
end. British and Italian bees were exported to Tanganyika to be the 
maidservants of the sunflowers! 

Not all the area was tsetse-ridden, but much of the wide expanses of 
empty l«tMl which the exccudve had seen from the plane was empty 
because it was held in flef by the tsetse fly. (That fly Iw kept 4.000,000 
square miles of Africa as a wilderness, because nctdiet man not beast 
can live with it.) Here was a challenge and, as the land was sprayed and 
cleared of scrub and forest, the tsetses, which cannot survive away from 
leaf shadows, graduaUy disappeared. Soil over which the tsetse had stood 
sentry was open to exploitation. Much of it, once it was deprived of its 
forest cover, died. 

Naturalists were belatedly called in and they confronted the organisets 
of this 3,000,000 acre scheme with a disquieting report. They were 
in as docton to a sick land and their diagnosis drastically changed 
the scope and character of the scheme. 

Time and time again crops had withered from drought while heavy 
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rains were only a dozen away. (One of cfae main areas bad 
been placed on ^ wrong side of a range ofhiEs which predpitated the 
rain.) There were local ^ures too, which anyone approodung nature 
widi the caucioa the dese r re s could have foreseen and avoided. 

By ip54 the original 3,000,000 acres had been wisely restricted to 
300,000 acres dse vast rtsechaniied scheme had been tempered to a 
system of husbandry mwe easily reconciled wids the natore of the soil 
and the people ofTanganyika. 

‘Bash on regardless*, the injunction of any thtuarfiil combat com¬ 
mander, had not worked. Today, by co-operation widi the people and 
with nature; by a oonbination of rotation ct^^dng and cooservaaon 
grazing; by the introduction of communications, water supplies and 
schools and hospt&b, Tanganyika has benefited su bs ta n tiaUy fiom 'The 
Groundnut Sdseme*. But it is never referred to nowadays as such by 
tboK who are dte heiis to *The Dear Departed*. 

la. EBBPIKC THB BALAHCB 

The Ground-nut Sdieine was a salutary lesson to those who think too 
big, who want to take short cuts and who do not proceed by pilot 
which ‘fwl their way* and ‘persuade* nat ur e. The lesson has 
been well learned in one place in my es^erience. 

When tbe Government dedded to dear a,000 square miles 
of jun^e they called in fist tbe World Health Organisation to rid 
it o( malaria which had made it jungle and th en the Food and 
Agriculture Organisacioa to clear it. The FJ'LO. sent into North India 
om of the engineers fiom the Tanganyika Ground-nut Scheme. There 
be bad done a remarkable in hauling down tropical forests by 
harnessing great chain« to heavy tractors. Two ttacton would 
move thro^fa thejut^le K»»1tng bet w e en them the loop of chain and 
just dragging down the trees. He bad at his disposal, in India, bulldozers, 
tree-dozers and bosh-bashers • elephantine machines which the jun^ 
could not resise. At hb side, however, was one of the world*s most 
»Ttun«»nf ecologists, wfao had written in die 1930*$ one of the earliest 
warnings about erosion and wbat happens when the balance of nature is 
upset. It was his job to see that the mi^kes of the A&kan s c h e me were 
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Dot repeated and it wu be wbo resUced, in a country clamouring for 
food, the insutence that the whole area should be cleared. Instead, more 
than half the area was left as fore» reserve, into which the wild beasts 
of the region could retreat and which would act as the forest cover to 
break the monsoon rains and absorb them, like a sponge, to that the 
underground springs would be replenished and the dangers of erosion 
and the deslccatioa of the soil prevented. 

13. WALKING OK WATBK 

hi January 1958 the Erst oil to flow through the ixa-mile pipeline 
began to pour into die storage tanks at the desert railhead ofTouggourt. 
Tbit was the oil from the Hasri Messaoud oilEeld. The report of this 
in The Times added, ’French ait-force helicopters, parachute 
troops and camel corps men are patrolling the pipelines to prevent any 
attacks by insurgeno.* 

For me this report had a special and personal interest. Eight years 
before, in a survey of the deserts for Unesco, I had caught up in die 
Sahara widi an Oklahoma oil prospector. For over two yeaa he had 
uaveUing in the desert, in parts where no one believed there could 
possibly be oil. When people asked him where he expected to End oil 
in that Eirbiddtng region he used to wink at me. You see, his job was to 
End ml, not to talk about it! I doubt if anyone he met in the Sahara at 
that time ever believed that he was doing anything but wasting his time. 

In those days (as recendy as 1950) die Sahara was still to the French 
what die rolling main was to the British. One had great rollers of sand 
and the odier great waves of water, but both were romantic in the 
traditiops of their nadous. is said that Winston Churdiill never had 
any misgivings about the outcome of the desert war because to him the 
strategy and tactics were just Eghriug Nelson’s sea batdes all over again.) 
For the French the desert was the Foreign Legion; the White Fathers, 
the heroic desert ptiests; the wandering Bedouins; and the veiled 
Touaregs. And an area nearly as big as the United States under French 
dominion bulked large on the coloured maps of the world. 

There were ardent souls who, if they were not suspected of the ut/arj 
(Saharan madness), were disregarded as dreamen. They believed that in 
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the Sahara there were not only mineral potenriala but potabilities of 
agricultural development. At that time I ttw the hopeful attempts at 
what was c alM 'desert colonisation’. French agronomists and irrigation 
engincen wac successfully recovering quite la^c areas of desert tracts, 
including the Wadi Guir, whkh once had been the great forest where 
Hannibal may have got his elephants (see p. I 73)-1 mw, too. some of the 
potential and actual mistakes - like a great dam in the Adas Mountains, 
a magnificent engineering achievement, which was gradually filling 
with silt beouse no e^rt bad then been made to revegeate the catch> 
ment area, firom the uncovered slopes of which the soil was being 
scoured off into the reservoir. 

There were a few queer people in the Sahara then, Kientists, men and 
women, who really believed that it could be transformed. There was 
the Frenchman who alarmed me by saying to me as we trudged shin- 
deep through the bunung sands of Grand Erg, the Great Sand Sea: 
'Wc are walking on water.’ I eyed him with some alarm - an obvious 
case of the <d/«dl Then be explained. 

He that in the dunes and under the dunes there was water. 

In dse night the dew condensed on the dunes and enough of it soaked 
through the sand sufficiently quickly and deeply to escape evaporation 
in the heat of the day. But his main contention was chat under the 
Sahara was a great 'fresh-water sea’ fed by intake fioni the rains of the 
Atlas. This 'Albiennc Nappe’ bad long been regarded as a geological 
legend but in 1950 a cube weS was sunk at a place caQed Zclfana and a 
joo feet ‘pie20-pee»ure’ bad been obtained. This artesian soutee was 
creating a man-made o«tb in the heart of the desert 

14. SARAKAN BlDOBADO 

Another occasion which made me suspea my own susceptibility to 
ta/kfrf was one morning when I was driving over the desert south of 
Colomb Bichar. There before my eyes was a mirage of an Arab, 
swathed in veils and with his burnciu flying, cycling over the desert on 
a bicyde. To convince myself that I was not inugifting dungs I followed 
him and be ted me to a ermine in the Sahara. I would not have been 
surprised if I had been better informed, since this nune at Kenadsa had 
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been functioaing with Bedouin labour for quite a while and its coal had 
brought me into the desert on the railway line whidi runs from Algiers 
to Colomb Bdchar, the military and administrative centre of the 
northern Sahara and now die centre of the first desert 'industrial com¬ 
plex'. The coal-mine produces 300.000 tom a year. Just south of the 
town lie deposits of high-grade iron ore, with do per cent iron content; 
i$o miles west are other and more substantial iron ore fields. 

But the richest deposits of iron ore lie at Gan-Djcbilet eighty miles 
south-east of TiodouC There the reserves are estimated at 5,000,000,000 
tons. In Mauretania the deposia so far found are estimated at 100,000,000 
tons. And in the Saharan rocks have been found lead, copper, zinc. 
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/■h mmium, manganese and tungsten. In the mountains of the Hoggar, 
the region of the veiled Touaregs, uranium, the atom-fission fisel, has 
been found. 

The oiUtrikes, however, are what really exdted the French. Four 
firms were granted coocesiioni to prospect and explore for oil Two of 
them, the Compagnie des Pftroks de TAlgdrie and the Comp^nie de 
Recherefaes et d’Exploiuiion des Pfcroles du Sahara, had the backing of 
Royal Dutch Shell. The test of the capital was put up by French fin a nce 
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houses vid the Government. The fint encouraging ‘showings* were at 
Edjeie, near the Libyan border. As a start, twdve wells were bored and 
oil was found at a depth of i,}$0 feet. Farther notth, oU also gushed at 
Hassi Messaoud, 400 miles south of Algiers. Natural gas hissed at la 
Salah. There is no reason to think • and some winks I remember tn^ht 
confirm my suspicions • that these are the only places where oil will be 
found. 

A urlifi of passenger>planes carrying technicians and of 

fiesghc>pUtses carrying nudunery followed dioae discoveries. Geo* 
logisa and prospectors by the thousand started swarming all over the 
desert. The Sahara began to assume the significarsce of El Dorado or 
Klondike- Fraschmoi queued up all night waiting for the sale of Saharan 
bonds to open. Quite suddcssly. the whole picture of the empty desert 
changed from romance to purpose. 

Ij. DBSIIT COlONtSATION 


If the Sahara were what our inadequate classroom adases suggest it is, 
just an empty space, osse might be as optimistic as some of the ftcnch 
expens. But, in their enthusiasm to exploit the natural resources, they 
tend to ignore completely the human problems. Or, if they think of the 
human problems, it is in termsof WUte settlement. They will talk of 
'industrial oases', with L« Corbusier skyscrapen on stilts towering above 
the dust storms. They will invoke science and technology u evidence 
that solar ertergy could be harnessed to produce air-^oodidoning and 
refrigeradon. They certainly could create a man-made environment, 
insulated from the Mistering heat of the Salura and producing the 
amenkies of Paris in the dcs^ All this is feasible, and, indeed, com¬ 
mendable as a basu for dviiised living for those who arc developing the 
desect. 


It is not, however, the only type of human problem in the desert. 
There are the wandering tribe who are almost entirely ignored m the 
desert blueprints. Numerically they might almost be disregarded. After 
all, the experts say, there are about 1,500,000 tribemen in this area 
almost the site of die United State. That u not a very happy com- 


parisofi, because that was about the number of Red Indians roaming the 
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plains when the Palefaces discovered dut Indian land was desirable and 
chat the tribal territories covered rich ores and richer oQ. ‘nse story 
that struggle is not a pleasant one. It could be repeated in the Sahara. 

It is wishful thinking to say, as some of die experts do, that the new 
way of life will by*pa$s the old and that there will be an acquiescent 
co’^xistcnce between the industrialists and the nomads. This assumes 
that each will give the ocher a wide berdi - because there is plenty of 
space for both. But in fact there is a traditional conflia of interest. This 
was obvious even in die immediate post-war yean when die French 
became exercised about the problems of North Africa culnurudog in 
the independence of Tunisia and Morocco, and the bitter and expouive 
struggle in Algeria. The concern was less with the desert proper dun 
with the Europeanised belts of the north, but even at that time the 
human problems of the desert were b^inning to impinge. There was a 
tendency for individual nomads to break away from their tribes to drift 
into the dries and ports and to become rather thifdess labourers. There 
was alto a tendency for the tribes to move north, with the consequent 
risk of upsetting settled cultivarion. This led to a technically enlightened 
policy of‘desen colonisation’. 

The able engineers and agronomists of France began to create man¬ 
made oases, to sink wells to depths which die nomads themselves bad 
never reached and to distribute die water in concrete canals and conduits 
which reduced one of the risks of desert irrigation, diesalinarionofthc 
soil owing to the high evaporation of spread-water and the aggregation 
of the salts in the soil as a result. There was also exdting large-scale 
experiment in wadi cultivation. Those wadit are the short-ltved rivets 
which come down in spate and spread themselves and their silt over the 
desert, to soak in and evaporate quickly. The silt dries out into a sort of 
crazy paving of sunbaked riles, which desiccate and are blown away as 
wind^arried soil. This dust is fertile. 

Those wadis are the cereal lands of the desert tribes. They may wander 
with their camels and herds, pasturing them on the scant v^etaricui, but, 
seasonally, they return to the wadis to plough and to plant their desert 
barley immediately after the spates and return later to do the harvesting. 
Their methods of cultivarion are primitive and their aops ue poor. 

It was obvious to the French agricultural experts that by modem 
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mediocU tbrt f wadis could be much more extensively and intensivdy 
cultivated and that the scruSy barley could be replaced by better barley 
and. indeed, by wheat. It meant tnecbaniiation - heavy tracton, light 
ttacton, disc-ploughs and machines capable of breakbg the bard top 
soil and cracking sub-ioil so that dse space-waters could sink deeper into 
the ground and escape evaporation. It meant also agrkoltutal experi¬ 
mental stadoms in each locality to breed and sdect the best types of 
plants which would give the highest yield in any particular area. 

With proper management it could mean secondary crops as well - 
cash-crops, such as popjra Ibr pharmaceutical exports and cotton for 
local wear. It meant also a system of collective cultivadon by which the 
tnbes would agree to pool dscir patrimonial lands and to accept a kind 
of ddw system: if the land were prepared (or them by mechanised 
fyi fAft ib, a (racdon of the produce would be retained by the French 
Sod^t^; if the experts also did the sowing, that would mean another 
Gaction; if the harvesting were done for rKwn, chat would mean another 
ftacdon; and ifchethreslung were done by machines instead of winnow¬ 
ing, yet another fraction. So if the entire job was done by the Sod^ 
their share of the produce would be the equivalent of the renting of the 
tribal All chit was very intelligent and a sesttible approi^ not 
only to desetc redamadon but also to providing an adequate grain 
supply ht the desert tiibes and, beyond their needs, a surplus for export. 

Yet it was evident chat dw nomads were crucukncly suipidous even 
of well-meant incendons. This might teem quite unreasonable 
because the benefits would appear to be obvious, but as was explained 
to me by a wise Frenchman, the well-meant intendons could only be 
misundentood. Why, the nomads would say, should the French be so 
generous? There mutt be a catch in it. The only catch was that the 
l^eoch were trying to prevent the driG of the nomads by making their 
livelihood more secure in the desert. When I wrote about this at the 
time, describing quite objeedvely the intelligent technical measures 
which were being taken, I had indignant letten (tom North African 
Arabs protesting that this was a device ‘to keep the Bedouin in the 
desert'. The glib reply could have been diu there is only one problem 
more difficult chan keeping the Bedouin in the desert and that u getting 
the Bedouin out of the desert. Indeed, there was nothing tneotuisteot 
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between the French ums uid the Bedouuu* desire. But the 
scdoD and the pstenulism of the French roincd suspicioD 
resistance. 


id. Allah's land 

How much more, therefore, will the iodustriaUsation processes be 
misuaderstood? Tluc the Saharan Bedouin, like the Eddmos, will 
eventually accept a technological civilisation cannot be gamtaid, but 
the thort*cerm resistances to change will be aggravated if they are 
ignored. 

If as we have done in this book, we look back on the age>oId struggle 

between the nomad and the settler we might guess what will happen if 
that way of li& is altered by compulsion. There are the deepHtooted 
resentments of traditio n , which in desett have acquired the sanctions 
of religion. There are desen property rights whi^ are impet&ctly 
understood. For instance, I have raised with French experts the quesdon 
of tribal lands, which in the vast expanse of the desM are apparently 
only vaguely demarcated, and was told chat these lands would be 
respected 'as far as possible'. They knew that the lands of a tribe were 
separated by distance into the seasonal pastures and crop lands, but I 
wondered whether, even if they rcspeaed dime areas as 'reservations’, 
it was realised chat the nomadic 'cotridon' between these areas were 
aho regarded as tribal righcs-o^way and chat pipelinm or ir«ralt»rif>n< 
vdiich straddled them would lead to serious complications. 

I had an insight into these difficuldm in the Sahara. We were ooesing 
a tract which was neteber rock nor gravel nor sand, but reasonable 
savannah land. I asked the Frenchman who was with me why this 
potentially useful tract had not been developed for pasture or cut dvadon. 
He replied; ‘Because it is Allah's Land.* This was the Moslem equivalent 
of‘God's Acr*, land gifted to Allah and hallowed as Various tribes 

had ceded this land to Allah and used it as common pasture. The Fceoeb- 
man explained that since there was no temporal authority in Islam, like 
the Ecdesiawical Commissioners or the Vatican, which could act as 
the legal trustees of such property, any attemps by the alien or the 
infidel to obtain property ri^ts would be a religious outrage. 
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^ou lee,' he said tue&Uy. *we have tux yet found a lawyer who can 
argue directly with Allah 1 * 

hi 1960, I recumed (o the Sahara to tee what the invocment of 
^(1500,000^000 could do in the way of desert recovery. By that time, 
oil wdls had been drilled at Hassi Mcssouad, and the hmits of the 
oil-field toll had not been reached. A a4>inch pipeline was already 
carrying the oil 400 mile* to Bougie on the Mediterranean coast 
Another pipeline was already planned, to that by 196} the shipped out¬ 
put of the field would be 14,500,000 tons. Yet this was only one of five 
known oil-fields. The tecood in importance and accessibility was at 
Edjeleh, near the Libyan border. This would involve a pipeline through 
independent Tunisia. 

T^a there was Haiti R'Mel. near Ghardaia, where the reserves of 
sutural gas were to enotsnous that there was talk, in 1960, of building 
a pipeliw to the Mediterranean, under the sea to Spain, and thioi^ 
Spain to I^ce, Italy and West Germany and across the Chaxuiel to 
Great Britain. 

I travelled i ,300 miles to the south-west to Fort Gourattd, on the 
Tropic of Cancer and the border of Mauretania and the Spanish Rio I>e 
Oro. Here was a cwi>-hundred-Riile-loag mountain range containing 
iron. SooK of the mountains were almost sohd iraoHjee of nearly 70 
per cent iron content. While the buUdoizen wete tearing roadways up 
the steep mountain-sides, cam^-trains were jingling their way across 
the high plains, whkh were black firom horuon to horizon with the 
soces of iron-ore. While the engineers wete installing the most modem 
mining and handling equipment, the blue-turbaned tribesmen were 
digging pta, as they had done for coundeas centuries, to clusel out tomb¬ 
stone slabs of salt which the camels would carry from Timbuctoo and 
Chad. Two ways of lifo separated by thousands of years were visible 
there, side by side. 

The mining company, with capital from Prance, Britain, Italy and 
Germany, was granted the concession by the ‘hlainic Republic of 
Mauretania', a member of the French community - a country as big as 
France but with a population of doo,ooo. The World Bank ‘put up a 
stake' of ^21,000,000. The project involved massive mechanisatioo to 
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blast, cbote, scoop and load dune mountains on to trains capaUc of 
hauling ao.000 tons a day across the desert. This railway had to maV# a 
detour round the border of Spanish Rio De Oto, down an escarpment 
1,000 feet high and across the dune land to the coast 400 away. A 
new harbour was being built at Port Edenne. There, and at Fort 
Gouxaud, two townships of at least j.ooo people were to be built with 
air<onditioDed ho m es, schools, hosptals, social centres, etc. One of the 
conditions of the concession was that within ten yean the Mauretanians 
(in the Port Gourard district, two warrior tribes) were to be 
and trained to die pt^ at which diey would be capable of taking over 
the running of the mines themsdvo. To emphasise the contrast b^een 
the two ways of life - between the salt-chiselling and the 
mining - we calculated what it would mean if instead of die railway 
camel-trains were used to shift the iron-ore. It would have 
20,000,000 camels! 

The od and die iron are only two tokens of the mineral potentialities 
of a desert nearly as large as the United States. There are known deposits 
of coal, manganese, copper, phosphate, uranium and rate metals. 

But one of the most impressive devebpments is die exploitation of 
the Albienne Nappe, the desh water 'sea' under the Sahara. Wells, with¬ 
out which the oil and mineral resources could not be ade<]uately 
developed, have been sunk. At Hasa Messouad there are two swimming- 
pools, drawn &om the Nappe, abundant water for the operations, and 
over 50,000 trees were planted in i960, to &x the dunes, provide wind- 
brakes and the greenery for a town which will eventually hold 30,000 
people. Old oases were being extended by similar weUs so that they 
could be the market ^rdens of the new developments. The welb were 
yielding about 90,000,000 cubic metres of water a year. That u just 
about the known intake of the Nappe &om its outcrop in the Atlas 
Mountains. There may be other annual sources of supply but the 
hydrologists, for the time bong, were insisring that the annual out-take 
should be restricted to the known in-take - that, until mote was known 
about the capadey of die Nappe, they should not draw on 'water- 
capital'. But there was another excidog discovery. In the Tanezrouft, 
in what looked like the most hopeless gravel desert, it was found dut there 
were at least 5<k000,000 acres of fossU-soQ. This goes bade »me 7,000 
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yean cad coautnt«there in the bean of what is now arid desert - the 
poUeiu of lush Medieerranean T^ecadon. That soil is not dead; it is 
merdy sleeping. Water could bring it to lt£: again and the water is 
there, underneath, in the Albienne Nappe. One can imagine 'bot*bouse' 
prairies in the middle of the Sahara! 

17. will WAIHBD 

As a footnote to these new developments in the Sahara it is well to 
recall the experience of Cahfomia. A hundred yean ago the Gold Rush 
took people into the Central Valley of California. This was a relatively 
arid tegion. The Ent itrigadon was by means of stream diversions. Then 
sur&ce weOs were dug to supply water for domestic and stock-watering 
uses, and subsequently for crops. Then srmsian sources were discovered. 
Such wells began to give out as intensive euldvadoo increased. So 
mechanical pumps were applied to suck up the lower ground-water. 
The prosperity of the region abounded and the snatch-and-grab for 
water went on uodl the waten^ahle had fallen to low that the pumps 
were sacking up the brine of San Francisco Bay. The day was to come 
when the hydrological sicuaDoo of diif r^on was to be regarded as a 
‘national easetgcncy’. 

Those are three exunples of dte problems ttdiich. despite all our 
scienoe and techn^ogy has to ofiet, are writ large in warnings: 

i. Nadear risb can aSwt the balance of nature on a global scale. 

iL Over-ambidous schemes can upset the balance of nature on a 
regional scale as in Tai^anyika. 

iil The quest for mineral resources, as in the Sahara, is replete with 
difficuldes of human ecology. 

We can reproach the andents widi the miiraket which they made 
largdyotR of ignorance, bet it will be uafbcgivabte if we exaggerate 
those mistakes, knowing (as we do) the tbing i we do not know. 


MINI 


Flood‘tide 

Tien for UK on beaebet: Tbcy m«t flow Dp aad down 
with tbc ddo. ^k anclior pcoblcn muN be 
... let rae have dw boi (otuttoo wocked oat. Doe’t 
atgiK dK Burner. The dificultts will argue Ibc tbea*> 
ielvet. 

Sir XtruuMo CborddlTi iiMTUctiaet fix 
die Nocmaady landingi. 

I. I >■ Mc', oi c » s:s? 

Mia's greatest achievement, since his tnistery of fire, was the release 
of aeomic energy, with its fulfilment of Einstein's equation, fi me* 
(Ene^ equals mass, multiplied by the square of die speed of light; in 
ocher words, energy cm be turned into matter or matter into energy.) 
We know die dangers, as well as the oppominides, with which that 
equation u fiaugbt But there is another equation just as portentous 
-C-B:£. 

*C’ stands for the cerry/Mg capacity of any area ofland, and the ability 
of diat land to provide food, drink, and shelter for die creatures who 
live on it. 

'B' means kieriepormttal, or the ability ofthe land to produce planis, 
for shelter, fisr clothing and, e^edally, for &edmg. Only plmts are 
able to use die sun's energy to synthesise, from the air, the water and the 
soil, foods in the forms on which awimalf can eadsc, and provide human 
stistcnance. 

‘fi’ stands for mWrmmoital resistmet, or the limitations that any 
environmeat places on biodc pocentiaL These may be 

climate, or terrain, or the spread of dnes or Man*inade etosioii. 
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71116 tafadty depends oo the balance between the other two 

£uton. 

Thu formula can be applied to any area of land, &om a backyard to 
the entire tur&ce of the plaaet, and can include the ocrant, since their 
pUnt 4 ife, and sea creatures, can be most important to Man's surrivaL 
Ctrrjini ufadty will be improved by increasing the Wofic fttatial, or 
by reduciag the tnpimtmenud rewuiKe or preferably both. Or the 
cquihbnum can be by restricting the population which the 

area U expected to support. 

In ample (brmulacioD: if too many animals are put out to graze on 
rai^ of low hotic potntfu/, e.g. sparse vegetation, and high nvrref»> 
nmts/ Ttustmu, e.g. sparse rauiM, the land will be over-grazed; the 
plant lift will be exhatnted (and dte hiotk pottntial thus reduced); the 
soil win be eroded (aitd the anfirwimenUl rtsistMce thus increased); and 
the ranges will not then have the uarfing apadtj for its existing popula¬ 
tion, or even for a redtsced populatioiL 
The whole history of Hmo ufim has been a struggle with thU 
equation. When primitive Mao first made a club to kill a beast, and used 
a flint to cut off its skin so chat be could wear it for warmth, he vras 
overcoming envimmenul nsistmut to his own ipedes; be could migrate 
climatically to areas of greater etrrying ttpaaiy. When he first gathered 
seeds and tilled the gtound, he was increasing the iictie petential and 
when he irrigated dse soil he was increasing the osTrying Uf<^ty of the 
areas vduch had been atid. Vice vem, be reduced the carryii^ capacicy 
of vast areas by over-coltivatioo, over-grazing, destroying forests and 
havit^ the soil scoured off by the rains oc blown away by the winds 
In Bhtatn, fiinni listed in the Domesday Book have a higher hiotk 
poieitioi today than they had in An^o-Saxon times, alihou^ they had 
been cultivated for 900 yean. The rice terraces of Luzon in the Mtili^ 
pines are still hi^dy productive although they have been in use for 
4,000 years. So, given good husbandry, hade poCflUisi can be enhanced, 
not diminished. On die other hand, if a cky like London is allowed to 
sprawl over the richest soib in Middlesex, Essex. Surrey and Kent, the 
hiotk poieatiol b irretrievably burmi under bricks and asphalt. If die 
prairie grasslands of the Middle West are broken by the plough and, 
year after year, wheat b grown and the nourishment sucked out of the 
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toil to be thipped *s grain and lost as sewage into the North Sea, then 
environmental resittmee remorsdessly charge and dust bowls are 
created. When foxests are cut down (one American newspaper con* 
siunes, as newsprint, the annual growth of a forest the sue of Slu opshiie 
or Wiltshire) the rains, were once hliered by the vegetation into 
the underground springs, rush off the naked mountain-sides, carrying 
the toil with them. The beds of riven arc raised by the alt and the low¬ 
land farms ace drowned by the fioods and smodiered by the detritus. 

To the natural envirottmenial resistenee, Mao has added his own. The 
effluents of his chimneys and sewers, the wastes from his mines, factories, 
disrilleries and chemical plants, reduce the sunlight, poison d>e atmos¬ 
phere artd the rivers, and corrupt the soil And now there ate the added 
hazards of radioactivicy spread by climatic factors and the problenu of 
disposal of radioactive waste. 

We are liable to fb^et that the ‘populations' which the world sup¬ 
ports are not only those of die human ipedes or the animaU adapted to 
our convenience. There is a rival world of birds, aod micro¬ 

organisms. and the oeatures we call 'pests’. A lump of earth no bigger 
than a football could more organisms there ate people on 

this earth. Thus we are competing for the hiotie polentiel. 

a. WINCED STOMACHS 

Take the case of the locust: When the east winds of Egypt brought 
the locusts and ‘they covered die £ice of dte whole earth to that the land 
was darkened', the plague may have seemed an aa of God to the 
Israelites, but Man was largely responsible for the visirarion, It was the 
price which was being paid for dte culdvriion of the Nile Valley. 

What is called the ‘desert locust’ is not a typical insect of the open 
desert or of die arid grasslands which occur in marginil desert areas. In 
&ct the natural re<{uirements of the locusts do not suggest a high degree 
of adaptation to d eser t coodirions. The female locust lays her eggs in 
sand, but not dry sand. The eggs have to have a very high d^ree of 
humidity. When the young locusts hatch, they must have suffldme 
green food, usually tender plants which spring up after a shower of rain. 
The adults can survive in dry condirioai but, for their sexual maturation. 
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they re<]aire nioculenc green tbod and humid air. Thus they develop in 
‘ecological islands' - sand-dunes on coastal plains, belts along the beds 
of seasonal dven and around springs. 

Thett migratioos ace related to weather Actors; they need the winds 
to carry them on Aighn but m^or swarm movements take place 
towatds zones of convergent air masses, which are associated with raiiL 
The locosts and die rains usually come together. 

Thus cultivatioa is an important factor in the development of plagues 
of locusts. An irrigatioti scheme in the Aden Protectorate has, in recent 
years, turned it into a locust breeding ground. Similarly, along the plains 
of the Red Sea, in Eritrea, Saudi Arabia aisd die Yemen, culrivarioo has 
bred the desert locusts. One major swarm, in ipja, teemed to have come 
out of the naked desen bos its source was finally traced to a remote area 
in the Pezzan, in Libya, where alfiUa was being cultivated in a wadi bed. 
Here it an irony of nature: cultivation promotes the locust wfuch 
destroys wfaac is culdvited. 

Ihe locust menace is increased by the sporadic culrivuioa of marginal 
desert - such as that of the nomads of the Arabian Desert. The 
Bedouins nuy lose their poor crops to die young, hopping locusts but, 
when the insects take wing, they may destroy the of millions, 
perhaps s,coo mil** away. While aettled cultivaton have learned by 
bitter experience, and by famine conditiont, what locusts can mean, the 
desert nomads have by no means the tame attitude. Indeed, intemadoiial 
efforts to overcome the locusts have on many oecasioas been firuscrated 
by the tefisal of the nomads to co-operate, to report the existence of 
hopper swarms, to kill them on the ground with poison bait or to allow 
the locust-fighten access to the localities. The reason is that the Bedouiiu 
regard the locusts not as a destroyer of food but as a source of food. 
Locusts to them are a delicacy, as shrimps might be to others; they toast 
them or dry them and grind them into flour, to make locust bread. 
Locust-facers have had to go into Arabia with bags of specially minted 
Maria Theresa dollars to boy die lights to kill the locusts! 

The plague of the Pharaohs it mil with us on a scale more m gnariwg 
even dian in Biblical times because the desperately needed food of 
millions b involved. The 'strategic' range of the locusts is to great that 
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a jwarm originacittg in East A&ica will devastate soudiem Rossia or 
Persia or Pakistan. They know no boundaries and no country in the 
locust regions of the world can feel safe from them. Therefore they 
mutt be fought on an international scale; given a ‘Grand Alliance’ and 
constant vigilance, the menace can be averted. This was dramatically 
demoiutratcd during the Second World War when the locu m were 
held completely in check by the Allies. The campaign was organised 
on a military scale. Great Britain and the United States furnished super¬ 
visors. trained technicians and i.ooo troops, who did the held work, 
with 500 vehicles to patrol the region and to rush to any spot. 

The Soviet Union devised speciaUy equipped aircraft for the spraying 
of the breeding grounds. All the governments of the Middle East fully 
co-operated and all swarnu were held in check. 

Again, in the spring of 1951 similar joint action raved Persia from what 
direatened to be the worst locust plague in eighty years. The 
were breedmg over an area of some 3,000 square miles in a remote part 
of the country. Within ten days, the United States had supplied aircraft 
and new and more powerful insectirides, aitd most of the locusts never 
left the ground. 

Unfortunately, with the deterioration of the political situation in the 
Middle East in recent yean, the task of the Food and Agriculture 
Organisation of the United Nations, which took over locust-cootrol, 
was made more difficult. Never was nationalism so insensate as in this 
matter. For ^1,000.000 the F.A.O. could efiectively control the desert 
locusts, hue the national expenditures totalled ten as much as thaf. 
Even that figure u a fraceon of what the destruction of food costs when 
the locusts break loose. 

Locust-fi^dng is not just laying bait or spraying clouds locusts 
from the air; it is also the research into the life and habits and 
behaviour of this insect which is, apart from Mao in war. the most 
thorough living engine of datructiorL A locust is merely a winged 
stomach with a jaw. A locust eaa it own weight of food every day, 
which in the case of a swarm means thousands of tons per day. 
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[b cbe Uoited Suta, eves widi its highly advanced agricultunl 
services. lo per ee«t of aO food crops are devoured by man's rivals before 
they are harvested. Use percentage in other less scientifical l y equipped 
b lar higher. Insects are consuming, in the fields, food sufideat 
to mainnin ten tiities that annual iitcreasein populatioa which u worry- 
ing everyooe. 

In 1946 the world was faced with jacniisf. A c<m&rence. called by 
^Joha Boyd Orr, the Director-General of F.A, 0 ., was held in Wash¬ 
ington. We were coofironted by a shortage of grain and grain-equivalent 
whidi could have meant the sacrifice of 75,000,000 people. ‘Graisi- 



Latgeecak pton^mg in Dakota (e. iMe) 


equivalent' jpfliidgd rice, dse staple Ibod of 75 per cent of die Asian 
people. There was a diortage of 11,500,000 tom c^ticc But that shortage, 
die result of the ravages of war, was equal to die amount of rice annually 
destroyed to ston by pests. Much more was destroyed in the fields. 
Indeed, the appalling Indian lice famine of 1943 was mainl y caused by 
a fungus disnse wbich, in critical areas, led to the loss of over 90 per 
cent of the crops. The fiequent attacks of die gall-fly on growing rice 
can destroy a whole harvest. Thu fly aflects young plants in India only 
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between 14 September and 15 October and the answer fetmd by the 
sdendsts is to breed strains wfakh can grow earlier and aeoid the gall> 
fly, which, once its occupation has gone, disappears. Another rice pest, 
the borer grub, attacks rice at two stages, k kills young plants but those 
which it attacks in later staga lose their grain ears. The borer likes 
frrains which are mildly scented. So die sdentists have bred varieties 
which aromatically repel dsem. 

(Incidentally, there was no famine in 1946. The grim facts with 
whidi we were totaling were true but twency>duee nations met in 
Washingtem and agreed to self-denying ordinances by which they 
restricted th cM* ooniumptioa and spread the shortages, or at least the 
available supplies, and all mankind benefited.) 

The Food and Agriculture Organisatioa has studied what happens 
to the rice and bread grains of the world while they are waiting to be 
prepared for human consumpbon and has disclosed figures which are 
ceruinly eye-openeis. Rats, insects and fitngi destroy annually some 
33,000.000 tons of essential foods. That is enough to feed the oitire 
popubtion of the United Sates for a year; alternatively it means, on a 
world Ksb* ! rbae one person in every fourteen in the wodd is liable to 
die yearly firom scarvatioa because he is deprived of dut food by dicse 
predators. 

k is also reckoned that millions of tons of foodscufi are wasted in 
frfd ing the disease germs and parasites in the human body. A gross 
example is, of course, the intestinal worms which are universally pre¬ 
valent s m»"g the people of the tropics. A peasant may wodc a third of 
his life just to frfd his upe-worm. But it applies also to the nuiumerablc 
germs which batten on the human victim and make it impossible for 
him to absorb the food wluch he eats or prevent him from producing 
food which be might eat 

4. WINCBD DAC6IX 

The malarial mosquieo is a spectacular men a ce , because although it 
sudts only a tiny amount of blood, it has afflicted something like 
300,000,000 people ilk the world and has killed annually about 3.000,000. 
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Whrr« smlada it endemic, dut is^ where it afflim the majority of the 
pepulatioo, te may not be a killer in the sense that malaria would 
suddenly cause death, k certainly sbortem life and it cripples the popi>> 
ladon. 

I have teen at first hand udut malaria in most p^ of the 
world. It is definitely om of the principal causes of the shortages of bod 
in tropical countries. The malarial seasm rery often coinddcs with the 
transplanting of the rice or its harvesting, or both. Two out of every 
three of the peasants who might have been working on the land at those 
critical periods have been lick of die fever. The result hat been poor 
crops through iiudequate husbandry. In other parts, as in the north of 
Thailand, the malarial season hat coincided with what might have been 
a second growing seaswu The peasants, without undue food shortages 
to themselves, have settled br a single crop, although they might have 
produced two, and might have provided a surplus br export to ocher 
hungry peoples. 

In East Pakistan, triiete unfortunately they have had two malarial 
seasons, malarial control and the virtual banishment of the mosquito 
have meant that the crops fromtheexistiDgacrcagei-withoui extension 
ofculdvadon - have been increased in some crops byover jo per cent, 
So malarial control could, in United Nadons terms, be genuinely 
regarded as a fonn of *Technical Assistance', that is, a means of increasing 
economic output. And, through the World Health Organisadon and 
the United Nadons Children s Fund, malaria>coatrol schemes were 
vigorously demonstrated throughout the tropical world. 


5. IVOIOTIOK sasou OOK fiTIS 

Then there was a moment which I shall not readily forget, in Oaobec 
1954, when a disquieting report was received at the World Health 
Organisadon in Geneva. It came fiom Or Peter lasaris, the of the 

malaria team in Indonesia. The conscemadon whirii was caused was 
tike that which would occur in a military high command if its IntelU* 
gence Corps reported that enemy brees, in buUet'pcoof had 

penetrated the defexsca and were operating die lines - and an 
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enemy which had beea considered finally defeated. That was in &ct 
what the report meant. 

Id a campaign in which the lives of millioos of human beings and the 
bealdi hundreds of millions of human beings were involved the 
appearance of a maUna-mosquito invulnerable to couater-attaelc was a 
justifiable cause for alarm. The mosquito, in this case, was Ae Anopheles 
sunJaicus. the malarial mosqttito ofjava, but, presently, the same reports 
were beii^ received fiom other r^ons as well, proving that the 
mosquito was showing reiiscance to insecriddes. 

Up till then everything had been going well in malarial control. 
Although there had been evidence that the house-fiies in Italy and the 
typhus-carrying lice in Korea had begun to develop a resistance to 
D.D.T., there had been hopes that the mosquito had not the same 
capacity £br resistance. The result was profoundly disturbing because it 
h»ram^ plain presently that the mosquitoes which were D.D.T. resistant 
were not just occasional ones which had escaped, or individually re- 
sisced, D.D.T., or had even acquired, like arsenic-eaten developing an 
immunity to the poison, a habit of DJ).T. 

What was happening in &ct was evolution before our very eyes. It 
was found that a firactional percentage of all mosquitoes had a genetic, 
or hereditary, resisnnee to the poisons which killed their kin. While the 
vast nujority of mosquitoes were killed, that percentage survived and 
when they 'inter-married' they bred a type of mosquito which had a 
natural resistance to the poisons. At first the dispositioa was to pooh- 
pooh the development and to suggest that it could be overcome by 
simply switching the insectiddes - that vdiile D.D.T. might fail, other 
chemicals might succeed. This was only partially true. Ac the most, it 
gave a respite but presendy the mosquitoes were found to be resistant 
even to the alternatives. Once this was apparent, the alarm 

real because, in regiocu where malaria had been controlled, the 
natural human resiscances to die deadly efiects of the disease had beea 
reduced and if the malaria was reiatroduced afiesh into these regimis, 
it would tear through the tropics like a forest fire. 

This led to the World Health O^anisadon's proposals to substirute 
for malaria control malaria eradicotion. This means something quite 
In malaria control, the idea is to reduce the insect population « 
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the motqoitoes. the bite of whidi tnnsfen nuLm from one human 
bong CO another > until the numben are insignifrcant But ‘eradication’ 
means getting rid not of the mosquitoes, but of the nulaiu itself. This is 
periecdy feasible because after about three years, if dsere is no re- 
infrction, the parasites of malaria disappear from the human blood. It 
was reckoned that the time it would take for the few insecticide* 
resistant mosquitoes to multiply and replace those that had been 
elimimted would be about five to seven years. Ifr in that interval, the 
parasites could be removed firom the human betr^ dse reassertioo of 
the mosquito, aldsough unpleasant in terms of binng, would not convey 
the disease *, the mosquito has to tuck the malaria-parasite from a human 
victim and transfer it to another human viettm in order to spread the 
disease. 

The sttategy of the W.H.O. campaign, therefore, was to press on 
with the insecticides to reduce, by killing off the non-resistant types, 
the mosquito popubaon and, therefore, the spread of the disease. 
Thoroughly prosecuted, dbis would mean that the number of active 
cases would be reduced to riiniral proportions - that is that individual 
cases could be treated and cured with modem anti-nulaiial drugs. 
Co mbi ned with actual treatment, diere could be a prophylactic cam- 
paign: there are drugs which, taken regularly, will prevent people from 
having the disease. Since, however, this b a r^imen which few un- 
instructed people are capable of following, one device was to introduce 
these drugs into the common salt which the tropical peoples would be 
using. In thu way, it was hoped that before the emergence of the 
insecddd^resistanc mosqmtoes in force, die disease would be removed 
fiom the blood of the human pabents and, therefore, could not be 
spread. 

Thb was perfectly feasible but national shoct-fightedness interfered 
with a great intemseional project The countties widi the finatKi al 
means to support thb campaign were, by and Urge, those countties 
which had already got rid of malaria. The support, however, of the 
MaUria Endicabon Fund and of W.H.O. was quite inadequate. Some 
countries aiAicced with malaria began, with the of W.H.O. 

and the UJ 4 . Children's Rmd, to undertake eradicabon on a systematic 
scale. Mexico, for example, organised io campaign as though it was a 
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miliury opentioa - incl»<img genenls. tratuporc ol&cen and an 
opendonal High Cotmnand. With hundreds of motor vehicles carrying 
dsc spray teams over the countries, with malarial cavalry mounted on 
horses and mules climbing into the High Sierras and penetrating into 
the jungles, the Mexicans b^an thoroughly to remove malaria. But 
the surrounding countries, impoverished it is true, were not so thorough. 
They pleaded chat malaria was only one of their urgent cnng fTm and 
that it was too ambidous for their limited resourca. That was quite 
true. But it merely emphasised the fact that this was an intemadonal 
commitment and not a nadonal one; if the malaria of diese countries 
spread over the &<mtiers, the Mexican dforts would be completely 
wasted. 


6. BAOIOACTIVB UOSQVtTOBS 

People do not usually associate mosquicoa with the hozen North, 
but old Arctic hands will tell a tenderfoot; ‘Skecttti I They are so big 
we skewer them on spigots and roast ’em!’ 

That is an exaggeradon. but they are certainly ’man-eater s *. Fom^ 
nately they do not, like the anopheles mosquicoa of the tropics, transmit 
malaria; but when the muskeg swamps un&eeze in the Arctic summer, 
the insects swarm in such vast numbers chat the sectlen’ liva become 
unbearable. Indeed, it can be said chat the mosquicoes, like the warble 
Asa of the north, are a bigger obstacle to the developroesst ofthe Arctic 
regions than the cold or the Long Ni^. 

If as will be proposed later in this book, the Arctic and sub-Arctic 
regions are to be made part of our habitable world, something will have 
to be done about these hostile and voracious insects. But apart from 
devising ways of destroying them, it is important to know bow they 
fit into the ecology the r^on. and, for both reasons, sciendscs 
are hard at work studying their habiB. Ingeiuous methods have been 
devised to keep tracks of the swanm and to learn more about the 
individual mosquitoes. One of these devica enlisa the bdp of nuclear 
energy. Dr Dale W. Jenkins, of the U.S. National Research Cound], 
described at the first UJ 4 . Peaceful Usa of Atomic Energy Con fe r ence 
at Geneva (1955) bow it had been possible to ‘tag’ the mosquitoes. 
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k u known that the mosquitoes drink the nectar of Arctic poppies 
(again, people do not usually associate dowers with the Frosen North). 
Use acientuts feed the poppies with an artifidal fertiliaer containing 
radioacnTC phosphotm. In dte Arctic poppy, the phosphorus finds its 
way into dse nectar. Use mosquicoa are dowet^eeden and sip this nectar. 

they pick up die radioactive dements and firom there on they are 
marked. They carry in their bodies a' 'radio transmitter' and sdentuts 
with detecdng instruments can follow them wherever they go and so 
find out vital infomutioa concerning didr habits - information chat 
will lead to dsetr efi^ve cooctoL By moistenit^ the pupae of black 
fly with radioactive liquid, the sdentuts were also ahk to study the 
habits of this other notthem pest 

AU over die worid, the use of the by-products of atomic energy, die 
tadiO'^sotepes. u making k possible to study noc only the behaviour of 
insects but of miao-otganhms, including viruses, and thus to know 
better this rival world of living things which arc not only Man's com¬ 
petitors but in many cases his indispensable allies. 

7. OlSIASl-CAtlYINC S.VAtLS 

Another example of a disease which ignores &oncien and which noc 
only aippla or kills individuals but also beggars natioas it bilhaniasis. 
This it a disease which is carried by snails. The water snail, which it ita 
vector, releases parasitei into water and they penetrate through the skin 
into the blood sy stem of people working barefboc in irrigation systems 
ot bathing in the rivers. This disease it particulatly tifi; in Egypt but it 
spreads through the Middle East and through most of the continent of 
Afiica. Apart firom shortening life and making the vkams miserable, 
the disease prevents the peasants fiom woriung and reduces th eir energy 
in the processes of producing food. An example of its serious economic 
impaa b provided by IsraeL Here half the country u thirsty desert. To 
irrigate that desert and make posable the settlement of thousands of 
food-producers, the Israelis, at enormous expense, laid down a pipo* 
system from die north to Beeisheba, in the desert of the N^ev. The 
engineers finished the job but it was found that there was bilharzia, 
introduced by soldien on leave fiom Egypt during the Second World 
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War. in the waters of the north, k would have been disastrous £or 
bilharzia to have been spread into the south, and the ptojea had to be 
held up (or a year while the snails and their disease were 


t. TBS VaitBY OF TRB BlINO 

In Ghana, one of dse hopes of the in&nt sovereign state was the Volta 
Sdseme, which was to harness the great river and to produce electricity 
and ircigadoo waten. But in the headwaters of the Volta River was the 
‘Valley of the Blind'. There, as in Northern Nigeria and parts of Bast 
Akica, breeds the simuii'iiin dy. This fly, which bre^ in the shrubs along 
the screams, transmio by its bite a parasite. This parasite completes its 
lif^ycJe in the blood stream of humans, and by a ctud dispensacioa of 
nature at one st^e it imputes upon human eyes produces blind¬ 
ness. In die ‘Valley of the Blind' most of die people were so aflltcted. 
There was every possibility that this fly, and its consequesices, mi ghr be 
carried by the Volta Scheme into other parts of Ghana, hitherto im¬ 
mune. One of the &ctors to be taken into account in the development 
of an engineering project was, therefore, die getting rid of the risks of 
the simulium. 


9. TKB KIVAL WOBID 

Of all the myriads of species of iweco and organisms in the 'rival 
world’ only a small kaction are in Gict hostile to Man - although, ai we 
have seen, the ravages of those are immense. Animals, insects and 
organisms are only regarded as pests or pestilences when they are to the 
disadvantage of the human species. They have dieir ownpceoccupadoos. 
In the struggle of nature, they batten upon each other and act as pre¬ 
dators. controlling, in competition with each other, the over-develop¬ 
ment of parcicuUr cypes. 

Often we are ungratekiL We forget, for example, that the black rat, 
which spread the bubonic plague and gave rise to the Great Plague of 
London, was (sod with it die disease) by the (brtuitous intro- 

ducQon into Britain, and into Europe, of the alien brown tat. The brown 
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rat cxterxnmated the black tat and muldphed to become a pest itself. 

When mkio-o^anisnu cause food to rot we call it ‘puerefactioD’ but 
when tbey break up tu^rs and produce alcobol we caO it 'fermeiua- 
don'. We blame organisms for causing disease or for destroying out 
food, but we forget that the living processes would be quite imposdble 
without inicn>orgaaisrm. We are appalled at the thought of harbour¬ 
ing gersu in our body but out digestive processes could not be com¬ 
plete without them. The stomach is nearly always free from bacteria 
because its add destroys most of them, hut the intesones have an increas¬ 
ing number of germs • the Urge intestine swarms with them. Most of 
them serve a u^ul purpose in dse process of digestion and disposal 
of food, and physiologists have soixsetitnes to remind doctors who are 
prodigal in their use of germ-killmg antibiotics that they may be inter¬ 
fering with the beneflcu] processes of nature. 

We resent the (ux that viruses produce diseases, like the Swollen 
Shoot disease of the cocoa plant, but we forget those other organisms 
which prodtsoe the nodules on the roots of plants which are in^pens- 
able to the intake of nitrogen from the soil. Plants and trees are de- 
pendent on insea life aisd on baaeria to enable them to absorb their 
food, and our crops and our forests could not exist without the co- 
operatwD of the germs in the soil 

Sometimes 1 visit that part of London which is known as ‘London 
Reids'. I remind myself that at this very spot were once the Plague 
|Hts of London into which the tumbrils tipped the dead, and with them 
the Plague germs. Some 70,000 peo^e died in that Pl^ue and were 
disposed of in pits. How could all this malignancy be swallowed up by 
the toil? Ihe answer is now w abundantly plain that one wonders, in 
retrospea, why we did not discover penidilin until the middle of the 
twentieth century. The answer, of course, is aadbioda. Those an the 
micro-organisms which destroy the pathogenic germs of dtseate. 
Penicillin itself came from a fungus, pendcillm MUtwn, a mould which 
grows on hyssop, but most of the other antibiotics, streptomycin, 
Chloromycetin, aureomycin, gramiddin, and many othen, however, 
have come from the soil. 
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10. TSBTSI SBNT1N8L 

Miny yean ago I was lectuting on malaria and how to get rid of mos¬ 
quitoes. A black-skiiined Hausia from that coast of Africa which used 
to be called 'The White Man’s Grave' got up and said, 'In my country 
we call the mosquito our sentry > it ke^ the White Man out.’ In the 
same sense, as has already been mentioned, dse tsetse fly has garrisoned 
an area of Aflica bigger than the U.S. A. against the depredations not only 
of the White Man but of the whole human species and its domesticated 
animals. Profissor J. Phillips (who was belatedly called in, as a naturalist, 
to salvage the Ground-nut Scheme ofTanganyika) accepts the view that 
dte fly lus protected most of the condoent against the ravages of erosion 
and desiccation. 

!n a symposium on the 'Biology of Deserts' he said: 

‘Where the tsetse fly ezisB on a large scale its attempted removal 
and the eflbrts to introduce hvestock to fly-fiee areas must be accom¬ 
panied by a policy and practice of herd control and pasture manage- 
mesu, supply of water points, conservation farming and informed 
and £rm administrative direction of the local people. Particolarly 
disastrous u the contcquasce of the uncontrolled continuance of the 
widespread purchasmg of wives by meant of thriftless livestock - the 
status of a man being judged not by the quality of hu stock but by 
the number.... In the absence of measures providing for the con¬ 
servation of country bidserto under tsetse fly, overstocking would 
ceadily produce a £sr worse corse than the fly. It would lead to soil 
destrucrion and erosion.’ 


II. THB SACBBD COW 

It is the l ark of this kind of chinking which has caused destmetioo of 
widespread areas the woild and led to well-intaicioned schemes for 
development going sadly astray. For instance, in the Sotitbem Sudan, 
where the true desert merges into savannah land which could be quite 
usefully devebped (if common sense prevailed) the administraton. 
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wanting very properly to benefit cbetr people, opened up water-holes. 
The result, in instance after instance, was that the tribes converged on 
these water-holes in excessive numbers. They herded their scruffy cattle, 
which, as Processor Phillips pointed out, are thriftless, usefii) nehher for 
milk nor for meat, but merely as an evidence of wealth. They came for 
the water but presently the herds had trampled the area around, eaten 
all the herbage and reduced the localities to desert. This type of excessive 
grazing by useless cattle has also extended the Kalahari Desert, south of 
the Equator. 

Referoice to the thriftless money-cattle of Africa recalls the problem 
of the Sacred Cow of India. In India there are as many cattle as there are 
people. They ate sacred and cannot be killed. They eat more food than 
the human population, whose lack of food is a cause of chronic concern. 
The cattle give tso meat and very little milk. A vast proportion of the 
cows art diseased and they spread disease. It is revolting to the outside 
observer to see poor decrepit beasts dying mbcrably of old age or disease 
and yet no one putting them out of their misery. It u absurd to tee them 
blocking pavements or lying across the tramUnes or holding up whole 
streams of traffic in busy cides but soil having to be left to exercise their 
‘fice will'. Thoughtful leaders in India are well aware of the gravity 
of this problem but their difficulties were not eased by Gandhi, whom 
we chink of as a man of great wisdom, but who said, 'I yield to no one 
in my worship of the Sacred Cow t' The Food and Agriculture Or ganisa- 
tjon, while treading warily amid the religious prgudices of the Indians, 
have gone in to help. Experts have at least done something. It it per¬ 
missible for the hide of dead attle to be taken and canned, but the 
leather has been pracdcaUy useless, becatsse by the tttne the skinnen have 
got to the cattle the hides have already been decaymg or been full of 
blow-holes. F.A.O. experts mggested the setting up of reserves where 
the aged cows could be ‘pensioned ofiT. Attached to these compounds, 
known as gosaJunt, are skilled flayers, whose job it is to gee at the 
as soon as they can after death while there is still hope of salvaging the 
hides. As a result, the quality of the hides and of the leather has enor¬ 
mously improved, to the economic advanuge of the vill^as. 

The experts have also introduced better breeding methods - the 
‘sacredness' doa not extend to non-interference with - so that at 
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lease the milk supply can be improved, bol the problem, as a whole, 
remains intractable and pervene in a country whose hungry population 
is increasing at the rate ^over 5,000^000 a year. 

The purpose of these eximpla - and hundreds more which could be 
quoted-is to remind us dut no matter bow grandiose our ideas may be 
about the conversion of nature to our purpose, short-cuts are o&ea the 
long way round. Measures which seem self-evidently useful to the 
experts, or experiences which have been successful in «ie part of the 
wodd, can themselves mean delays in development or cause irrevocable 
damage. The best advice that can be ofieted to any expert going out to 
underdeveloped countrks b; know what you are changing before you 
start to change it 
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*I1k pution between tiie texet bas apf>ewed in every 
age to be io neatly the Mine, due it may alwayt be con* 
ttdeted in algebraic language, u a gtven qtBodty.' 

An Emy on AipulM'on 
bynowas b. aiAtTnut, 179B 


I. STANDING BOOM ONLY 

In (he coune of 2i0OfiOO yean Home tapiens multiplied to reach the 
figure of 2,500,000,000. It will take only thirty yean to add another 
2,000^000,000. The figures today are twice as h^b as diey were a century 
ago. Sy the year a.d. 3,000-just forty yean off - the figures will be 
twice, maybe three times, u high as they are now. 

To show how grotesque the present ntc of population increase is, the 
United Nations experts, in their report, Thr Future Greuitk cjWerU 
Popuietien, projected their calculadons 600 yean ahead. 600 yean is 
nor long in the ame-scale which we have been usii^ in this book. But 
in that reladvcly short space of tune, if things go on as they are (and, of 
course, they cannot) there wilt be then 'Standing Room Only' on the 
fiKcofdus planet. 

Taking Ae wkoU lend surjate, indttding regions at present unitdu^tahle, 
tadt perm toouU only have one stfuart metre of Asnd to live on. 

This picture of people dinging to the planet like a swarm of bees is 
scarcely less alarming than the inescapable proqsects of the tmm<vliari» 
future - 'inescapable* beause, short of a univcxsal catastrophe, die 
minimum figures of the United Nations experts are irreversible in cbe 
next thticy years. Death control will continue to operate, wtdi the 


HOW MANY riorii? 


159 

hofnanitaiun tervket of the worid bringing relief from di ifa if and 
enabliag peopk to live longer than the pathetic spaa of thirty yean 
which is the lot of die peoples of most of the underdeveloped world. 
And no advocates of birth control are optunistic enough to beheve chat, 
even if wisdom did prevail, the trends could be materially altered m the 
space of one generation. 

As the official United Nations report said: 

‘More dbturbtng than the projected 6gate of a popularion mouat- 
to 6,000 or 7,000 million by the turn of the century is the fact chat it 
will probably be attained dut soon. The year A.D. sooo is no further 
in the future than the year 1914 is in the past. Not only 
achievement but progress in incemanonal co-operadoo and otganisar 
don will have to be more effective than during the past 43 yean if the 
expected numben of mankind are to be accommodated to the 
minimum condidons requited for human dignity.’ 

The estimates produced by the Population Branch of the United 
Nadons* Bureau of Social A&irs do not tally with those previously 
calculated in 1931 and 1954. The upward revision has been necessary 
because, whereas in the put figura for the Chinese popukdoo had been 
Just guesswork fabout 463 million*) the first completed census (1953) 
disclosed that in Red China there were 600 million people. So the experts 
had to think again and the result was chat the lowest estimate for 1980 
became 3.850 million instead of the 1,976 million of the 1951 esdnutes. 
That means that the world hu to provide board and losing for neatly 
1,000 milbon people who were not foreseen ten years ago. 

1. THB OBMOCKAVHIC BBVOLUTION 

In the lifetime of the yoonger pohadans of today the Demographic 
Revoludoo, which takes no account of political ideologies, will have 
completely changed the pattern of world poHrics. Whereu at the bqpn» 
ning of this century there was one European to ewry two Asians, by 
the end ofthii century the tado will have become one to four. (The term 
’European’ includes the entire Soviet Union.} Ladn America will have 
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baeaied io populackia tenfold m the twentieth ceatuiy and the retoatn- 
tDg conanena will have increased fourfold. 

Hke trends give the expats no consolation; there is no 

prospect of an abatement in this flood of population. The measures of 
death control will keep more people alive. Birth control in countries of 
Ki gb fertility is not likely to produce a decrease very soon and, in most 
coontria of conparadvely low fertility, no further decrease appears to 
be imminent. Even if dse family planning campaigns of the govem> 
ments of India and China were elective and if, though i* unlikely, 
Latin America with its Catholic traditiora were to practise birth'<ontxol, 
the figure for the next twenty-five yean could be less bad but not 
substantially better than the worst misgivings. In only one country, 
Japan, has chae been any dranuQC revosal of trends; there the birth¬ 
rate pa ihousand dropped from J4.3 in 1947 to 30.1 in I9J4- 

More sombre even rl^n the total figure foe the world is the distribt^ 
don. At present the prosperous, technologically advanced countria 
contain slightly more than one-diird of the world's populadoo. By the 
end of dw century, oountiks wiU account for only a quarta or 
even one-fiftfa. Obviously unless human ingenuity and technical c<^ 
opetadon are bater applied than at present, die gulf between the pros¬ 
perous and the impovaished countria will widen at the very time when 
the poltdeal consciousness and insistence of the peopla of the under- 
devdoped countria will grow. Agaisuc this picture the mon ambidous 
prograimnu of‘mutual aid' so for carried out have been merely cinka- 
ing with the problem and nothing les than economic development on 
a scale £u greata than anydiing to for contemplated can modify the 
«~H*t and political upheavals inhaenc in this Demographic Revolution. 

TIk populadon quandary is obvious. The biggat foctor in the 
changing pioure is the decline in mortality which has been made possible 
by cheap and etfective disease control The exception is in a few areas 
which are remote from centra of administradon and are at the moment 
inaccessible to Ilfoaving devices. At the one end, more infants are beisig 
saved to live, to marry and to procreate. At the otha end. in the 
advanced countries, people are living longa and the span has readied 
ova seventy years - double the life-expectadon an Indian baby. It is 
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neither politicalty pncdol nor morally rxmceivable that the people in 
the underdeveloped countries should be denied the of modem 

medical progress. To discriminate against the people of such countries is 
tantamount to selective genocide. The experts of the United Nations 
did not hesitate to demand ‘new radooalised attitudes towards pro¬ 
creation’ and said that the basic research into the physiology of repro- 
duedon could find measures for birth limitation suitaUe for mass use. 
They said: 'We are swimming against the tide of evoludon but having 
discovered how to increase t^ flood, we have not also, through bio¬ 
logical sdeckce, the means ofarradng it’ 

Unfortunately the science of agxiculcure has not made the 
advaisces as the science of medicine. There b no agricultural equivalent 
to malaria control or the cheap-drug treatment of tropical dieses. In 
1958. for the £nt dme since the Second World War, the global produce 
don of food changed £br the worse, but even allowing for that recession, 
which was grim in itself, it was nevertheless true that the per capita 
figures for calories were abreast of the increased world population. Un- 
fiKtunately, however, it u not a quesdon of per capita but of per stomachs, 
and although there u global availability there b local and regional 
hunger in chose very countries which ace muldplying &stesr. The 
generally sadsfitftOfy world figures indude the undistributed surpluses 
of the western hembphere and refiea the gndfymg results of the &st 
recovery of the war-ravaged firms of Europe. Farm techxwlogy can 
increase abundance but the impoverished, fecund peoples of the under¬ 
developed countries cannot ifibrd the implements, the seeds or the 
fertilisers, nor suificieocly quickly can they acquire the know^tow. 

3. BEYOND THB CtIMATIC PBONTIllS 

As the report of the United Nadons populuion experts poina out, 
die populadoa which the world could mamrain might be as high u 
16,000,000,000 - and that even that esdmate might, in view of the 
scdendfic progress, be revised upwards. Certainly the present figures and 
even the pessimisdc future ones are sboct of what the eanh could 
sustain if thu were a tadonal, co-eperadve world. 

Theclimadcfionders-thehoc deseits, and die Arctic wastes, and the 
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neglected high altitude anas - can now be advanced by the plant- 
bteedet*. who can select and adapt crops to previously impossade con¬ 
ditions. There are the vast unus^ vegetable resources of the sea; and, 
in tenm of fish we are practically still at the cave-man sugc - we are 
hunting our fish instead of husbanding them. 

The limit* of numerical survival, however, do not depend on tect 
progress alone. The intesuive use of resources for the benefit 
of all depends on a tpecialisation of human activities and. w 

far as the future is cosscemed, on a much greater degree of social organisa¬ 
tion than we have so £u achieved as a world community. (Here we 
nugbc remind ourselves of the temarkaUe achievements of the Inca 
civilisadoii.) It also requires individual discipline and restraint - things 
which human beings can scarcely tolerate beyond a certain point It 
that it it impossible to contemplate a future in which we continue 
to exploit and to exhaust the soil and the mineral resources of the earth. 
Hus would be a BeUiamr’s Feast at which we would have ignored the 
plain writing on the wall. 

The United Nations report said: ‘The growth of population during 
the next tv/enty-five years, therefore, has an importance which tian- 
Kfnd t all social and economic connderations. It is the very heart of the 
problem of oor existence.’ 

it it, unless we want to share the death-wish of the lemmings, 
which, when they muldply beyond (heir subsistence, drown chemselvei 
in an orgy of mass destruction. 

The ledger-reckoning of population b the sum to which this whole 
book has been adding up - since the fust sucoesful attempts of Homo 
sapi<HS to maintain the survival of hb species and to reproduce himsdf 
as a fKlnlring cTcaturc in competition with the rest of life on earth. What 
has been discussed, in the length and depth of hbtory, has been the 
emergence of successive dvilisatioDS, developing m certain regions and, 
in some case, coalescing. But now there u only one locality, the globe 
itself, and one civilisatioD. die totality of mankind. 

Around that globe, like the sentries on a prison wall, march the man¬ 
made earth-atelHtes, to remind us that, apan from a few escapees to 
the moon or the odier planets, the human race are prUoners on thb 
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plinct. There is no e»cap« from the earth's cnutina the fooufcw of loU 

and minerals which it contains and there is no escape edther 6om the 
common liabilities to m a n kind. A few yean ago, it was possible for 
one to ignore, even if one had to deplore, the human catastrophes of 
famine and pestilence. They always seemed to be a long way away - 
until the breadlines of the Hungry Thirties brought them nearer hAmr , 
Today every country is no more than a few hours’ distance from any 
odier country. Half a century ago a femine costing millinmc ©f lives in 
China or in India might have produc ed prayers in churches and public 
subscriptiom, but it was not a consQenc»<risis. In 1959, the death of a 
hundred people from hunger in the Maidive those lonely atolls 
in the Indian Ocean, could provoke large i© Britain and 

indignant editorials de m a nd i n g acdoa Conversely, a louse brushed off 
the rags ofa b^ar in an Eastern bazaar could be in London or New 
York a few hours later, with all its threat of typhus and pestilence; 

Hk world, in terms of the material needs and hazards o£ mankind, 
has become a single community. It is not only that the advanced 
countries are sympathetkaDy aware or politically concerned about the 
needs of less fortunate countries. The leu fortunate countries are fiil)y 
aware that hunger and disease ate not just the ‘will of Cod'. They no 
longer fetalistically accept dhem as their inescapable lot. Emergent 
nadonahsm it one of foe symptoms of foil new awareness and, at is 

abundantly plain from the ideological stresses in foe world, foe ccooomia 

of necessity and of wdfere are frilly recognised even by illiterate people. 
Whatever the patriotic impulses of free d om, by which they deliver 
themselves from foe rule of alieo people, foe Third iveedom - Freedom 
From Want - is the most intittent. And woe betide any government 
which fails in measurable time to meet foe material desnands of the 
people. 


4. HOW SOLD A StOCZAMMI? 

The ‘bold new programme’ which Pres i dent Truman offved in his 
Point-Four, promising economic and K><-btiiral aid to the under¬ 
developed countries, was a iwble gesture. But, without diminiAing foe 
generosicy of foe act, it is nevertheleu true to say that it was an admission 
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of the faca of our jhrunkcn world aod of the nuterial, as well as the 
poIiticaL idatiotuhjp of the United Stales W the rest of the world. This 
was a tlut, ist the long tun. the western world would not be 

able to secure either the sources of raw materials or the markets n ee ded 
to keep its industries in operadon unless it could make cfective the raw 
nuterial resources and the enormous consuming power of what has 
been called ‘the underdeveloped areas*. 

Since the underdeveloped countries no longer regarded their tflle 
merely as primary producer countries, as suppliers of matenab for the 
more advanced countries, it was obvious that thdr industrial develop¬ 
ment and general raising of standard of life were an inescapable cendidoo 
of securing the supplia on which the industrialised countries l»d come 
to depend. The world, in terms of food and materials, had become one. 

This fact vw not easily accepted by the countries which had secured 
an industrial pre-eminence. Even when the idea of Wliite Mens 
empires had become dimoii and the idea of either pobdeal or com¬ 
mercial imperialism bad become ‘bad taste’, there was still a sense that 
the advanced nations - the ‘white’ nations - bad secured thdr pre- 
by some God-gjven dispensadon. Somehow, we fdt, only 
peoples with special or innate abilides could have created and taken 
advantage of the Industrul Revolurion and that foe backward nations, 
Uflrin g these abilides, had been left behind. 

But what arc foe &cts? As we have seen. Man, foe tool-making animal, 
devdoped his skills and his intellectual capadty in widely differentiated 
pans of the world, avilisadoo, which for foe purpoees of this book can 
be u meaning Man’s mastery ofhis environment and foe extension 

of foe amenides of life, develops independently, from the Indus to 
the Incas. Yet foe Eskimos can step quite nonchalantly out of the 
Stone Age into foe Atomic Age and master mechanical skills; and yet 
foe aboriginah of Australia, foe most primitive of all our modem 
pritnidves, can whittle a boomerang for which the acrodynamistt have 
no sadsf^ory mafoeitudcal explanation. 

3. A WAININC TO TBMFBXATB-ZONI MAN 


We, ofEuropcaa origin, may regard ourselves as the bcin of Graeco- 
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Roman culture and of JudaioOiristian religion; but t Mf themselves 
were the heirs of much older traditions. With humility we, who boast 
of our scsouific and tedinobgkal dvilisatioo, might remmd ouxsdves 
that while our forefiuKers were running around with 

woad, highly advanced dvilisacions were flourishing in the countries 
we now call ‘underdeveloped’. The material dvilitadon, of which we 
enjoy the advantages and boast the supremacy, is. after aU. in dme-scalc, 
no older than the United States. While the colonists there were a wyt tin g 
their independence, the Steam Age was originating with James Wan in 
Britain. Widi it came the machines of mass*producdoa and the com¬ 
mercial surpluses which they produced. 

The first Industrial Revolution dius began in Britain, spread to 
Europe, to A m e ri c a , to Japan, and to the Soviet Union. Geo 
graphically, therelbre, the Industrial Revoludoo ‘belonged’ to the 
northern temperatc-xone Man. No wonder temperate-zone Man is 
inclined to preen himself! Has he not, in a brief two hundred years, 
achieved a mastery over nature and an industrial prosperity which has 
set him above, and apart from, all the others? 

Let us, however, consider the &cn objectively. The break-through 
to industrial prosperity which began with the steam-engine depended 
on cheap, acxxtnble fuel - fossil fuels (coal, oil and natural gas) which 
nature had stored away millions of yean ago. Industry was anchored to 
geological deposits. Where fiiel was ciieap and ready-to-hand, ketone* 
crea te d wealth, which could pay for education, endow research atui 
provide capital for the new industries which burgeoned from such 
research. With this chain-rcacdoo of {tfosperity and this feed-back of 
knowledge endowed by capital, the break-through became a runaway. 
In Asia, nearly 70 per cent of all energy is stiH muscle power, human or 
animal; in the United States only 4 pet cent b to derived. The aver^ 
Western worker, with a finger-flick of a swiKb, can have at hu service 
the power-equivalent of lOO human slaves. 

But consider the map. We might notice a fict which should temper 
the pride of temperate-zone Man. The power 00 which hb extUtant 
prosperity has been based came fiom fossil fuds.Butnme-tenths of the 
world’s known coal reserves and four-fifths of the world’s oil re se r v e s 
lie north of latitude ao* north, just »uth of the Tropic of Cancer. Mott 
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of the $o<alled ‘underdeveloped’ counttiea lie south of that line and dse 
infP>tpa SV (ux is ^Kat, with the best will, diey could not have had any 
share in a fbssil'fuel Indutoial Revolution, except as the providers of 
fi»od and raw materials, which diey were. 

By geography and geology, and without any reference to any innate 
abilities whk^ they might have tnani£sted if they had been given the 
opportunity, the peoples of these countries were barred from die first 
In^trial Revolution and its fruits. 

Only those who have seen the nature of poverty in these countries can 


Moiktn MfijM (wWl of poa) lumctl by • camel 

possibly measure the consequences. A typical scene in a uopical country 
is that of a bullock>team raising water from a weU. To the chanting of 
the drivers, the hullodts trudge backwards and forwards under the 
r^tkss sun. lowering buckets into dse well, hobttng the water and 
tipping it into the water courses to irrigate the thirsty soil from which 
both men and beaso get dseir food. 

Those peasants are poor, desperately poor, yet they use the most 
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expensive power in the world - muscle>power. Bullocks have to be 
bou^it, teiuJed and fed, yet, even with the meagre food and pidful 
earnings of die men who drive them, the energy^quivalent which they 
produce costs twenty times as much per unit u the energy output of 
Britain’s Calder Hall Atomic Energy Station. 

A great many people in the worid are poor because they, of necessity, 
use calories in their most expensive form as food, and energy in the 
most uneconomical way of muscle-powcr. Although we may glorify 
musclo^fibtt - and indeed laud it in the perfennances of athlacs • it is 
deplorably inefficient. The advance feom the steam-engine to atomic 
power, from the puUey-belt to automation, has represented die emanci- 
padon of Man &om muscle-slavery. 

PuUy to grasp the difference between musd^power and mfrh»nig «1 
power one has to think of a transatlantic liner. If diat liner were a 
trireme, with slaves pulling on the galley oan, it would need 3.500,000 
slaves to row it in five days feom Soudiampton to New YocL 

The paradox of power is that those who are power-defident are 
power-extravagant. When we go around the bouse switching oflflighcs 
to keep the decctidty bill down, wc might think of the villager 
burning cow-dung to cook his food for his musdfr-power. Because he 
bums that dung, instead of using it as manure, his soil is undernourished, 
his CTopt are undcxnouriihed, and he is undernourished. 

6 . TBI MISIBT-GO-BOUND 

This is the Misery-go-round of poverty; because the peasant is poor 
he tt undemoutished: because he it undemourished he undet-produces; 
because he under-produces he is poor; and because be u tick, pooc and 
hungry, he is ^norant But that is a very different thing feom saying be 
is unintelligent. And because of poverty, these people are condemned to 
live hk^ «nirw«lt_ and they breed hk<» animals. 

One way of modifying that grim demographic picture is to raise the 
standard of livit^. This is an economic fea which has a biological 
validity: as the standard of living rises, the femily unit becomes smaller. 
In Western countries, this has been attributed to ‘keeping up with the 
Joneses’ - if yoo want an automobile, you can’t afford another baby! 
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Bot it is DOC M simple u that. Foe instance, in the Ganges Delta region of 
India, a survey shewed that a peasant with ten acres (a big bolding in the 
delta) was likely to have a family of what one might call *Westem' 
average (three to four) while his nei^hours with half an acre or less 
would be having ten to fifteen duldren. The first would be as illiterate 
as the other but, somehow, his relative prospetity infitsenced the size of 
his family. 

How to interrupt this Misery>go-round, la node of poverty? If people 
are sick, they cannot grow food; if they cannot grow food, malnutrition 
them to disease. So one obvioos point is to start by getting rid of 
disease. But if you get rid of disease, children survive to marry and to 
multiply: people live longer; and there are many more mouths to feed. 
With disease-free human energy, peasants can produce more food, bur 
presently diere b a surplus of hands; there is under-employment on the 
t«n,4 - too many people trying to subsitt on the fiactionated, patrimonial 
soil. 

Ihe p raftical answer b to drain the surplus bbour off the land into 
industry, to persuade the peasants to combine their holdings into units 
more amenable to modezn methods, to that they can increase their 
products beyond their subsistence and have surpluses with which to feed 
those transferred to industry. 

Hus, as will be seen, u a sophUdeated form of dse pattern on which, 
from earliest dmei, oommunirica have developed - the peasant increasing 
hb yields to support the craftsmen and, ultimately, sustain the complex 
supertmiccure of society. 

But how can it apply tn councria which are already overpopolaied? 
Which raises immedbtely the question of what we mean by ‘over- 
popubted'. Indu u 'overpopulated* but in terms, not of density-per- 
iquare-mile, but of yields. And yields are a matter of methods. As 
Dudley Scamp, already quoted (p. 306), has pointed out, England, with 
a popubdoo of a million and a half was already 'overpopubted* at the 
tune of the Norman Conquest, in the sense chat all the land which was 
re^Dsive to the methods of the time was already firmed and people 
were pushing, precariously, into marginal lands. 

The natural increase in the United States (duough rise in the birds rate 
and duninisbing of dse death rate) u higher dun that of the Asian 
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Tni 4 iam qc IndoRCCAiu. The populition is increasmg at about 3,000,000 
a year in the U.S.A. as compared with 5,000,000 in India, although the 
yxi ^ng population there is neatly double die American one. But 
whereas, in India, nearly 70 per cent are employed on the land, only 18.5 
pet cent are *0 employed in the U.S^ (and only 5 per cent in Britain). 
The high standard of livii^ in the western hemisphere is due to the 
that the burden of the increase u borne not by the subsistence efibra of 
peasants but by the industrial produedTiry whirii, in a sense, hu trann 
fer red itself to die soil. By mechanisation and improved &rm technology 
the U.S. &nner can support in food about 40 people eu'cy from the 
hftfl And, furthermore, the fann industry {»oduces such an excess 
beyond the needs of the United States that the Government has to spend 
billions of doUan in ‘prico«Qpport’ schemes for the frrmex to prevent 
him from swamping the open market. 

7. THB tllCI OF FKOCaBSS 

That is what can be done when a country is industrially prosperoos 
but what happens when there is chronic poverty? Where do you start? 
The peasant in India u poor (less dun £,10 a year average tneome) so 
that anything to improve his cultivation - better implements, better 
better fertiliser -> is beyond his means. In the Indian Government's 
an of 700,000 tons of cereal is needed to meet that 

increase of 5,000,000 extra mouths a year. 

The various ways of getting it would be (1) to purchase it from abroad 
at a cost of j^340,000,000 a year (a) to purchase enough fertiliser to raise 
the a dd i ri^al crop, at a cost of100,000,000 with the delays of delivery 
and distribution (3) to import a new feroliser plant each year. This would 
cost /]75,ooo,ooo and would take frve years to get working. (4) to 
build an plant capable of making the equipment for the 

fertiliser plant. This would cost jOto,ooo,ooo and would have to be 
planned ten yean ahead of need. 

To a country like or f^hina , ‘lifting itself by its own bootstraps,' 

the last course is du only possible one (while people go hungry in the 
meandne). Alcenudvely. brip might come from outside. Leaving 
sendmenc out of it. and kx^g at it in a d^t-lipped businen way, 
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coQsidet it from cbe point of view ofB tuccestfuUy mduKrialised oovmtry; 
dte grain is m die silos of the western hemispbere and there is a 
^100,000,000 deal to be done. Or equipment nsanufacturen might 
want to collect that ^7$fi00,ooo a year for new fertiliser plants. Or 
engineering frnns might prepared to build the workshops to produce 
die fertiliser plants. Or they might say: To blazes with it I That puts the 
Asians in competition with us.' In that case, if help is refused, the Asians 
would have to go ahead and do it alt from scratcL Human misery has 
to be added to the final reckoning. And that reckoning, politically and 
economically, will do the advanced countries no good. 

'But,' tome will uy, look at all the money that has been poured into 
die underdeveloped countries: U.S. Mutual Aid, U.N. Tecbikal 
Atstscance and loans from the International Bank, the Brituli Colonial 
Development and Welfere Funds, the Colombo Plan. . . .' All right, 
look at them I In I9$9, commodity prices slumped. The advanced 
countria could buy their raw materials fer more cheaply from the 
producer countries. The British balance of trade and gold reserves im¬ 
proved enormously. The Prime Minister could say, ‘You've never had 
it so good!' 

The Scaetary-Gencral of the United Nations. Dr Dag Hammar- 
sl^ld, however, pointed out what this prosperity meant in reverse - in 
the underdeveloped countries: 

‘A £dl of only $ per cent in the average of thdr export prices is 
approximately equivalent to the entire inflow of apital which they 
receive not only from the Imemational Bank loans but from all other 

Hm price of some staple primary products had dropped by from to to 
47 per cent! 

Thus, ten yean afrer President Truman's 'bold new programme’, the 
gap between the prosperous couatriet and the impoverished countries 
was not dosing but widening - 'Unto them that hath shall be given'. 

Yet tbc fects of our shrunken wotid remained inescapable. New 
nations were merging with an insistent awareness that disease and hunger 
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were not‘du will ofdie gods’but at the discreti«aofMan and A tat for 
their governments. The 4.000,000,000 people of 1980 were only cwenty- 
ooe yean oS. And 10 were die predicrions of the Paley Report 

8. NO COOHTIT IS Sll.f-SUHICIBNT 

Thu repon of the findings of the U.S. President’s Material Policy 
Commmion, presided over by Mr William Paley, was published in five 
voIuttMS in 195a, and dealt with the problem of pros p e ctiv e mineral 
sttpplia to meet the demands of die United Stata. In 1930 the U.$.A. 
was using about half the world’s supply of minerals and was increaung 
its demand at about 3 per cent per annum. In that year the United Stata 
ootuumed 2,700 million urns of materials of all kinds ■> ores, 

non-mecaUic minerals, agricultural materials, constructional materials 
and fuels. That represented 36,000 lb. for every man. woman and child 
in the country. With less than 10 per cent of the ‘Free World’ population 
and only 8 pa cent of its area, it consumed more than half of the world’s 
supply of petroleum, rubba, iron ore, manganese and sine. Of the 
hundred mineral materials used in American industry, die country 
which had once been regarded at wholly self-sufident, was finding only 
one-third eodrely at home; aootha third partly from borne and pardy 
finm abroad; and the remaining third entirely from abroad. In the 
nature of new materials needed for atomia and electronks, that late 
fraction becoma very much magnified. 

The major recommendadoo of the U.S. Commission wu: 

‘The over-all objective of a national miteriils policy for the United 
Stata should be to ensure an adequate and depaidahle fiow of 
materials at the lowae cost oonsiitent with national security and with 
the welfrre of firieodly nations.* 

How much more true b dtit recommendation of Britain vdiich Mr 
Aneurin Bevan once desezibed as ‘a lump of coal entirely surrounded by 
fish’? 50 pa cent of Britain's food and, g*<-l»ding coal, pncticalJy all 
the raw materiab of its industria. have to be imported-’at the lowest 
cost mn^tent with the wdfive of friendly natiais*. Or of keeping 
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nadons frieiully by ensuring their weUue? 

What dK Paley Repon illustrates is that the world is inescapably one, 
as £tr as raw nuterials arc concerned, and that no country, howerer 
big, can stow be sdfHufiicient. Even the United States which, in fifty 
yean, took moce minerak out of the American continent than had been 
minjd from the emite earth’s crust since Neolithic Man, muse look to 
the developmenc of the underdevdoped countries for the maintenance 
of its standards of living. 
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The Future 

Tor Mtn tbetc ii no rot ud no cadiag - H* most go 
on - cooqucft beyond conq o ea. ‘Dus liak phoce. 
Earth, in windi aid way* and ell die bw» of tnmd and 
rh« t wn tw Mm *T W»i the plaaeo about faun. 
And at laK out ama Irammiky to the Man. And when 
he haa conquered all the deept of ipace and all die 
nyueriea of tune - (dD he will be begmning.* 

From the film teenatio of to Cmm 
by B. e. wins 


I. SUMMIT CONPIIINCI, A.D. 106l 

The time is «tentury ekteJ. The fleet is Altrt, on the nartkem eeesi ef 
&lesmttt bleed, in the Atttlc. The Nutleer Wet hes not happened. The 
oaation is the winter session of the World Assembly, m whieh delegates from 
all the regional ftderations art taking part. TheJetlowing is a despauh, date- 
lined 1 j Febni^ 2061. 

Premier Ebagoetok, of EQesmere Province, his reminded the dele¬ 
gates chat dsey are within 400 miles o£ the NMth Pole. 

'You may not have noticed the North Pole itadf,’ he said, ‘but that 
was where your retro-rockets started braking for die landing here.* 

Recalling the quaint folk-lore of a century ago, he has pointed out that 
Alert was then called ‘Sanu Claus's Home-town’ because it was the 
most northerly inhalnted place on eartL ‘Inhabited’ was then almost an 
exaggeradoQ because the population had emuisted of only eight 
weathermen. They, however, had not been the first setden. 
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‘Nowadays, when we neither bout nor excuse out ancestry,’ said the 
Premier, *1 bcntate to point out that my own people, the Eskimos, of 
the Thule and Dorset cultures, had been here and in adjoining Peary 
fand, IQ Greenland, centuries before them.’ 

As a matter of history (the Premier contmuecQ Robert Peary, i$o 
years ago, bad started for the North Pole on his sea'icejourney, from the 
neighbowbood of Alert. And almost a century ago the first tO'the- 
Moofv*and-back rocket expedition bad returned here. (Delegates would 
be able to visit the crater, foe the annual wreath-laying service.) 

The weather-station had ’put Alert on the nup’, but its world im¬ 
portance and its growth as a dry had really b^;un when Dumb-bell 
Bay bad been transformed into an ioe-&ce lagoon for submarisse 
freighters. 

’Dumb^Kll Bay is now called "Rutherford Basin’’,' the Premier 
fTfplaitu^ , 'after Lord Ruthetfecd, the Father of the Atom. The name 
is appropriate because, of course, the submarine ships are nudear»pro- 
pllfd and because it it kept unfrozen by the heat from Alert’s nuclear 
reactors. Personally I prefix the Eskimo name (or the ke-free basin - 
Agk, which means "se^'s breathing-hole’’, because jute at a teal keeps a 
vendlating *hafe through the toe, we keep a “breathing-hole" (or the 
underwater freighters, tankers and hnen. 

’As a respite (rom your labours, I would adviw you to take the ex- 
curnon, whidt we have arranged, on the Trans-Polar Ferry. You can 
make the round-trip to Siberia and back in a week-end. That may teem 
slow going in these days of passenger-carrying rockets which bring 
New Zealand within an hour’s distance of Alert. But we PoUc peoples 
ate very proud of our under-sea scenery, and you will see why when 
the submarine (loodlig^ pick out the undersea alps as you tail between 
dteir peaks. . . .' 

Dr Okoboyko, of the United Sates of Africa, this year’s President of 
the World Assembly, congratulated Alert (or the enterprise which had 
nude it, at least for the duration of the sessions, the capital of the political 
world. Like Premier Ehagoctok, be besiated to invoke the past of hts 
people in an assembly concemed with the future of all peoples, but it 
pleamd him to remember diat it was here, on the north coast of Ellesmere 
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due 1 Negro, Mm Hauon, had set out with Peary for the Pole, b those 
heroic days, who would have foreseen that the &oxen Arctic would have 
become not only part of the habitable world but rbar the Long N^ht of 
the Arctic winter would be turned into Perpetual Day... ? 

The President’s reference b to the maiKmade ‘sunlight* in whi^ the 
delegates have arrived, and which is visible all over the Northern Hernia* 
phere. Rockets have been fired into space and, in the vacuum just 
beyond the earth’s atmosphere, sodium has been released. The effect, 
on a celestial scale, b like that of the sodium lamps ^f^aich once illuminated 
the highways, because the ioobing radiations, passing through the sus¬ 
pended and finely dispersed sodium gas, have filled the vacuum of the 
sky with a bright yellow light Thu tky*glow lighu up die Arctic dark- 
neu more prosaically but as brightly as nature’s own pyroc^hnia, the 
Aurora Borealis. Nowhere in die worid b thb lighting as efitttivc as it 
b here in the Arctic where the ndiite snows tefiect b like burnished gold. 

The ionised layer serves anther purpose for the Assembly. Thu man¬ 
made mirror in the sky refiects the tdevision waves and enabla the 
proceedings to be seen all over the world, because apart from the 
‘scatter’ over the Nordiem Hemisphere, the transmissions are relayed 
by MTnilar iky refiectofs to the rest of the globe. 

What hat most impressed die visiting delegates b Alert itself, a city of 
$0,000 people, where the tall apartment-blocks and the luxury hotels 
are able to bouse the thousands of visiton - the delates and secretariat 
of the World Assembly - without difficulty. 

The town planning of Alert b typical of the layout of ocher Arctic 
Whereas in Antarctica the continental capital, Amundsen Qty, 
has been constructed exititcly underground, beneath the 10,000 &et ice¬ 
cap, the dtus havc remained above ground, but with dieb 

i<\hah>fant« ind tbcir acdvicies immune from the elrments, Thb, a 
century ago. would have been regarded as a remarkable engmeeting 
fraf, because of the problems of perma-firost It would have seemed im¬ 
practicable, the*! , to have constructed a dty of such massive buildings, 
the heating of which would have melted the pemunendy frozen sub¬ 
soil and produced queer effects in the frozen bed-rock. In the meantime, 
however, methods have been evolved by which effective insuladon has 
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ensured »ound foondsooiu. and kai prevented the type of subsidence 
which, a century ago. compelled the movit^ of the town of Akiavik, 
at the mouth of dse Mackenzie River. 

Someone has called Alert the ‘Arctic Stonehenge’. like dut famous 
temple of the Druids on Salisbury Plain, it is in the form of a great circle. 
At the circumference arc twenty-itorey-high buildings which are apart¬ 
ments, hotels and oSices. They ate like Stonehenge's 'standing stones’, 
monolithic and symmetrical in design and in height. The top storeys of 
the buildings are linked by enclosed bridges just as tlie ‘standing stones' 
were joined by laid botizontally on the verticals. Prom directly 
overhead one gets the impression of a rim of a wheel. Actually this 
elevated ‘rim’ provides a circular runway on which vertical-life aircraft 
descend. On landing they arc automatically lowered into their ‘garages' 
in the interior of the 'rim'. Inside this drcular corridor, aoo feetabove the 
ground, u a moving roadway which takes people &om one block of 
buildings to another. The buildings are also linked to each odser at 
various levels and are joined to the Qty Centre from which the corridor 
streets radiate like the spokes of a wheel. 

The Gty Centre is half a mile in diameter, enclosed in a dome which 
is as high as that of St Paul's Cathedral, but rismg from the ground like a 
giant igloo. In principle the dome is like an enormous vacuum flask. It 
consists of an inner and an outer shell, with an insulating space between. 
Since it is made of transparent plastic, unaffected by heat or by cold, the 
sky above is visible and the efl^, when there is no sodium sunlight, is 
like that of a giant planetarium. 

Inside this ^me, with its controlled 'dimate', are the gardens, where 
any plant can grow; the sports arenas; the 'open air' theatre; the foot¬ 
ball stadium; the swimming baths; and the ice-hockey rink. Here 
(although there are neighbourhood shopping centres in the buildings on 
the perimeter) ate the market and, dc^ centre, the 'Pearson Forum* 
where the Assembly is being held and which, on this world occasion, 
has Just been named by the President as a tribute to the first Canadian to 
win the Nobel Peace Prize. The City Centre is suflused in arrificial sun- 
U^, not just from the sodium sky glow but from discreet ultra-violet 
radiation which gives the people of Alert that healthy tan whkh might 
have been acquired on a tropical beach. 
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Oa the outskirts of Alert, and linked to it by an endoted corridor 
roadway, U the rocket-aiipoR. Here rocket-liners, rcowte-cootroUed, 
can land with pin-point accuracy. Air ‘lana’, as constant as the li nes of 
longitude, have been bringing in the delegates* rocket-liners on sa£e 
schedule. Autonuncally, a radar ‘trigger’, operating at a height and 
distance electronically calculated to the rocket speed, applies the rocket 
brakes, the retro-rockets acting in reverse »the propelling mocon. This 
man-proof system is guaranteed, without mishap, and in any weather 
condidocu, to land the rocket airliner gently in the middle of the airport. 
*nie base is ten miles from die City Centre but less than four minutes’ 
distance in ciine. The roadway in an all-weather corridor u ballroom- 
smooth and the wheel-less cars float over it on a cushion of air. The 
automatic motors which propel the can also compress the air which is 
ejected on the underside as jets, providing an air cushion oo which, with¬ 
out the friction of wheels, vehicles can attain a speed of over 500 
an hour. 

The delegates who held their last World Assembly at Hassi-Mcesaoud, 
which a century ago was the oil ‘boom’ town of the Sahara, and is now 
the administradve capital of the North African region, take climaticaliy- 
immune cities for granted. Indeed, today there are many Canadians 
who have forgotten their northward expansion and even the political 
ructions which compelled the removal of their capital from Ottawa to 
the shores of Baker Lake. There had been a threat of secession by the 
young provinces north of do” latieude, unless the Govenunesu would 
move nearer to the geographic centre of Canada. With the economic 
wealth involved in die former North-west Territories and the Arctic 
Archipelago, this was a serioiu threat whidi prevailed, in spite of the 
opposition of Old Canada and the Prairie Provinces. The District of 
Chesterfield had accordingly been made a Dominion enclave in the 
Keewadn Province which, with is Atomic Age minerals, had become 
one of the wealthiest regions of the world. 

The attempt to unfreeze Hudson Bay by tbenno-nuclcar energy has 
also been conveniendy forgotten. This ambitious project, and expensive 
failure, was not merely an attempt to unlock the Bay from its tce-ptison 
and to keep it open for shipping all the year round, but to modify the 



XHt iNBBKITOKS 


/•limari> of the north and mid-west. The ‘modificatioo’ had temporarily 
happened hut wid» serious results, not in Canada but in Europe. That 
was the occasioo when d>e World Meteotolo^cal Organisation bad 
bad to apjdy sanctions: unless die inietfereoce with die European 
weadiec was stopped, the Wh 4 . 0 . threatened a ‘weather blockade' -> 
the ptedpitattoQ of the rain-bearing Pacific clouds before they reached 
British Columbia. 

So the North had come to terms with its natural climate. The old. 
forbidding ideas about the Froxen North had diuppeared and the to« 
‘Frozen Frontier' bad been opened up as dramatically in the 
twentiedi century as (he western fronticn bad been pushed back in the 
nineteenth century. The 'covexed wagons' of the northward migration 
had been die 'flying box-cars', the airoaft which could steeplechase over 
jmprtMihlg terrain and accomplish in hours journeys which, by land- 
trek, would have taken weeks and even months. Aircrafo too, had 
revealed die prochgious wealth of miaecals hidden under forests, takes, 
barrens and ice of the Canadian Shield. Oeologica] scouts in helicopters 
had gone ahead of the ground prospectors. 

The winning of such wealth for the Atomic Age fmcluding not only 
the fuels, like uranium and thorium, but metals indispensable to 
foaioa reactors as well) bad made atomic reactors economic even in the 
early days. Here was wealth buried in places remote from the roads and 
rail-heads of surfoce transport - placa as isolated as islands in the sea or 
oases in the desert. Thus there had been created 'industrial oases' accessible 
only by air. The components of die reaccon and die generators had been 
flown in ftn the same way at on the DEW Line operations [Distant 
Early Warning] whidl in the 1950's had strung radar-defonee stations 
across the Arctic) men, materials and complete tetdemena debouched 
by aircraft. These atomic stations did not need condniious supply by 
pipeline or by rail which coal or oil installations would have needed; 
once constructed and 'critical', the reactor-fuel could be replenished by 
air so infixquendy that the stations were virtually sclf-safl ici en t . With 
abundant bmt and power fiom the atom, ores could be mined, milled 
and refined on the q>oc and reduced to bulk so small, yet to valuable 
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that the output could be handled by aircraft With abundant heat and 
power, communities could be created with all the amenitiaof die does 
of the south. Mining camps were no longer just bunlt^KHues and mess* 
halls, poker games and itinerant minets, working dwr contracted shifts 
and heading south again. They became towns and eventually dties, 
where families grew up and went to school, unaware of any 'bright 
lights' except those of their native north. 

One of the ironies of the north was dut atomic energy was used to 
keep the ‘Frozen North' frozen. The handicap to ait-movcment had 
been the freeze-up and the break-up. In the winter, aircraft, on skis or 
even on wheels, could land on the thick ice of the or sea, or the 
hard-bound land strips; in the rummer there were the abundant lakes 
and rivers where they could land on pontoons. But in the in-betweens, 
dying was hampered until there was surplus energy enough to keep the 
air-fields frozen by reftigeratioa pipes, as had been poasible with indoor 
ice-rinks. The same applied to roads. 

Behind the miners went the fanners - yes, the fimnerr - although in 
those days, a century ago, it had seemed impossible that aops would 
growin such an inhospitable dimate. The did not radically change 

but the plants did. By intensive selection, unng atomic radiation and 
chemical mutagens to speed up plant variations and make possible in 
five years what would have taken fifty fay conventional botany, the 
plant-breeders produced types of grain, root-crops and vegetables which 
could be adapt^ to dte co^tiont of the farthest north. 

They created types whidi could escape the ftosts and grow to 
macutity in the long days, but short season, of the Arctic and sub-Arctic 
summer. They devised crops to suit the of dbe converted muskeg 
and condidoned into soil the sands of the glaciated pro-Cambrian Shield. 
They planted trees £u north of what had been the limits of the dmber- 
Ibie. 

The first great agricultural advance had been up the alluvial valleys of 
the Liard and the Mackenzie to die vast delta which was now so produc¬ 
tive that it is called ‘the Arcdc Nile*. But, wherever townships grew, 
even in apparendy hopeless places, crops followed - though in some 
places they resembled merely cottage gardens or intensive maricet- 
gardening. The other thing was the breeding of a type of Arctic dairy- 
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COW u too^ as the moose as as ditnate was cosacemed, and as lavish 
as the Priesian in tcnns of nulk. 

One of dae visits whkh has been arranged for the delegates to the 
World Assembly cosaceroed, as always, with the perennial problem of 
a multiplying population, is to the great hsh-ranch of Kane Basin. This 
was not the first iea*Carm but it is now osae of the most effici en t, in the 
world. It was created by the nmple device of passing electric cutientt 
aaoss the northern and southern limits of the straits which separate 
Ellesmere from Greenland and electriically fenciiag-in the fiah. Hae, 
there was some help fiom the change of climate which was becoming 
even a century ago when, in the 1950’t. the fish were already 
moving up the west coast of Greenland. Use use of ferdliscn in the 
enclosed Batin increased the phytoplankton and thus the zooplankton, 
and the fish multiplied. In aotf i fishbg yields are even greater because 
the nuclear reactors which supply the power for the Kane Basin fish- 
factories have provided heating for the ftsh-nursciics and a further 
tempering of the cold sea. The harvest of the sea-fish in the Kane Basin 
is DOW as big as that of fresh-water fish firom Great Bear Lake, the 
biggest inland fish-ranch in the world. 

Frobisher Bay, nowthe apital of Baffin Province, was the first of the 
domed cities of the Arctic bcuuse it was the eastern base of the defence 
system. It showed that the architects had tense enough to learn fiom the 
Eskimo. After all. the domed igloo had proved itself a pretty efieedve 
form of atchiteaure I 

The importance of Alert dates fiom the opening up of the polar oil- 
and the mining of the great coal deposits of Ellesmere bland. The 
existence of the oil-fields had been first suspected fiom the aerial photo¬ 
graphs taken by the Royal Canadian Air Force on their northern patrols 
and mapping surveys siter the Second World War. Those showed on 
many of the polar islands, what looked suspiciously like salt-domes, the 
enormous suffice 'bubbles’ of rock which often indicate rise existessce 
of oil. But what use was oil locked up in the permanent ice of the 
Arctic? The coming of the submarine tanken changed all that: Meigben 
and the Ringnes blands were not mote inaccessible than the Persian Gulf 
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Tlieti. bene»di the gUcier-hlled valleyi and nmataks, those peaks like 
knapped fliats, was discovered a wealth of metal ores on Ellesmere 
which turned Eureka, farther south, into an industrial dty and Alert 
into a prosperous provincial capital. 400 miles from the North Pole. 

Writing this the storm-proofed windows of a nineteentb- 

I storey apartitkenc, I can look northwards towards die Pole over a snow- 

covered landscape, glittering like gold under the sodium sky-glow and 
' shimmering as the winds whip the mow crystals into what once sounded 

so mesiactng as ‘blizzard*. 

I am high above the whirling surface mow which has buried the 
conidor-roads, the spokes of Alert's wheel, and 1 am looking into the 
glowing dome of the City Centre at though U were a crystal ball 
I What I am teeing, in the crystal, however, is not the future but the 

past > the weathermen of a century ago, just eight of them making 
I unseen friends by'ham* radio in awotid from which they were cutoff; 

I and, deeper in the past, Peary, struggling through a blizzard such as 

that now swirling down below and 00 which 1 look down with Olympic 
detachment. And I echo the words which the President used at toda/s 
opening of the World Assembly, on this, 1 $ February 2061: 

'Here in Alert we have proof that the Arctic is part of our habitable 
world, of that world which has become so small, in terms of dme and 
I that we. in tropical Africa, are your near neighbours. But it 

I u a world which has be«me so small that we must cherish its surface 
as we would a garden and treasure its resources as we would our 
household possessions. Today we have lit a beacon in the Arctic night, 
the lords Man's achievements.' 

2. TOr Of THI WOBIO A.O. tpdZ 

This report on the Summit Conference of 2061 may read like a 
\ fiuitasy but it is lenofa prediction than a projection. Evetything in it is 

I scienufrcally and tedsnologically feasible in the light of mid-cwendeth 
I century knowled^ and experience. The voyages of the Nmtihu and 
the Sl^. the United States atomic submannes, have already made 
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tn6k under the ice completely pracdcaUe. Plans &r nuclear-powered 
tankets and (reighten were already on the drawing-boards 
in I95P, and ic^free poets Cseal's bteathiag-holcs*) are already an 
enginecting propoddon, using not nuclear heat but compressed air to 
ptevent the ice from fonning. The plans foe the domed city ofProbisber, 
in Baffin Ir»nd. are already under way. Hie econonucs of ‘packaged 
reactors are already self-evident; settlements in the Arctic, including the 
radar stations and military bases, must have beat and power, but it 
cocts 1 gallon of aviation fuel to fly in a gallons of cmdeotl. Thus the 
comparative economia of nuclear and conventional fuels arc decided 
not by the relative cost of generating clcctridty but by cose of trana- 
sporting the fuel The ptoposidon of an ‘industrial oasis’ has already 
been demonstrated by the El Dorado Mine, on Lake Athabasca, where 
the uranium was mined, milled, and refined and flown our, as casks of 
sodium iT Bmtnate , by ordinary scheduled airlines. 

Hie of DEW line, the duin of radar stations acrou the 

Far North, did not so much unlodc the doors of the Arctic as burst 
t hfT * ! wide open. The impact has been dramatic. 

One day I flew with a team to King William’s Land, whete, using as 
a pinpoint the cairn beneath which were bodies from SirJ^ Franklin’s 
iU-^ted expedition of 1847. we landed on a frtnen bay. We cut through 
seven feet of ice to exainine and test it for structure and stresses. We sent 
a signal, guaranteeing the ice as safe for landing, to Edmonton, six hours’ 
flying distance away. Presently a Globemaster freight plane landed and 
from its nose dropped a ramp down which trundled tractors, bulldozers 
and sledge-trucks. Simultaneously the belly of the aircraft was opened 
and electric hoists descended laden with whole preftbricated buildings 
in flat sections. Those were swung clear and mote cargo including cook¬ 
house equipment were unloaded ftom the hold. Such an operation, from 
touch-down to take-off took only twenty-five minutes. In that time, a 
whole construction camp could be off-loaded on a polar island where 
a few hours before the only inhabitants had been polar bears. 
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After another minioo in ^tdiich I took part in the Arcbc, oor aitcralt 
lamled at an bland base to refuel for oor rettun journey to the touch. 
The summer break-up had set in and, &om then on, heavy aircraft would 
not be able to land. Ones, offidally, was the last flight in or out. 

On landing, the captain pve an instructioQ that the fire extu^iithen 
were to be tated. That meant shaking the carbon dioxide cylinders to 
make sure they were A not-too-bright member of the crew mis¬ 
understood the instructions and ‘tested’ by pulling the master switch, 
s^ch u used when an aircraft b completely on fire. As a result the air¬ 
craft and its engines were smothered in ftre-exdnguishii^ foam. 

The prospects were grim. The of another aircraft coming in 

to relieve us were remote. The alternative was to dismantle the engines 
and rlfan them. And by chat dme the ground might be unsuitable for 
take-off. 

Arctic flyen are philoaophic - they have to be - and the crew and I 
returned to our hut while die mechanics tackled the engine. That night 
(and ‘ni^t’ was a relative term because it was the period of twenty- 
four hours' dayhglu) we were debating who would eat whom fine - 
we or the polar 1 Then we heard the noise of a ^ane and we rushed 

out to find a Dakota circling round, preparing to land 

By a curioiu coincidence, the land that was always happening to me 
in the Arctic, out of chat plane stepped four ftiends of mine. They were 
scienciscs from the Dominion Geological Survey. For the same reason 
as concerned us, they were rushing to complete, before the break-up. 
the supply-stage of Operation Franklin. This was the 1955 geological 
survey, organised like a military campaign, to reconnoitre the polar 
nor^ of the mainland The aircraft, which had to un¬ 

expectedly arrived, was building up supply bates for the su mm e r oper»- 
Qoas. Th^ were to be conduct^ by foot-slogging gcologbts, sup¬ 
ported by b^copten. The belicopcen had abo been brought in by 
freight plane. 

miAap to our plane turned out to be a piece of good fortune £ot 
me because I was able to join Operation Franklin and to fly on sorties to 
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islamb whkh I had never hoped to visit, including some which no one 
had ever visited before. But it also meant that I was in at the beginning 
of a discovery which a few years later was to rock the Stock Exchanges 
- the discovery of a great polar oil-Eeld. 

The Royal Canadian Air Force on their military patrols had taken 
photomapi and had recorded curious fomutions in the scatter of islands 
which lia west of Ellesmere. From the cockpit of an aircraft, those 
looked like volcanic craten surrounded by a ring of jagged peaks but 
when the geologists in Otuwa saw the photograph, they guessed that 
they were crod^ sa]c<domes. Salt-domes, in southern U.S.A., Mexico 
and Persia, are identified with oil. They closely resemble volcanoes but 
the upthrust of lava is replaced by crystalline rock-salt. There is a central 
vent - a circular ‘plug* of talc - cutting vertically through the ocher 
strata and lometimei reaching the luHace, but in most cases the plug 
doa not show on the surface and is overlaid by sedimentary rocks. 
These, in turn, become worn down into ragged peaks around the central 
'bubble*. The inner ibrmauon is tike an inverted bowl. Inside, if it is a 
continuing oil-source, there will be natural gas immediately under the 
dome; then oil-bearing rocks (porous formations capable of holding 
oil)', cboi water, and fisuUy non-porous base. The oil chut trapped is 
unable, as in ocher cotidioons, to escape and vaporise on the surface. 

Long belbre they knew about salt-domes, oU-mim knew that when 
an oil-wcD exhausts itself they got a 6ow of brine. This supports the 
behef that oil began in the primeval teas. Millions of years ago, nature 
began to prepare pump-ttadofts for twestcieth-ceneury can. During the 
long periods of the Palaeozi^ Mezozok and Cenozoic ages, the seas 
teemed with animal life. From dme to time the eatdi's crust would 
shift; great plains would lower, and the oceans would roll over them; 
or the sea-bed would lift and become plains &om which the water 
receded. During the time of submergesKe, layer alter layer of mud, 
sand and Hme-carrying plant and animal renuiiu were deposiced - 
tomednies miles thick. Buried fu underground, the organic matter 
which bad once been sea-life was subjected co enormous heat and 
pressure - a gigantic geological autoclave which, in the alchemy of 
nature, converted dte organic matter into mineral oU. So dse rock salt 
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of the ‘plug’ and the gypium which fonui the ‘tent’ of the dome were, 
like the oil itself, all part of the early sea-bed. 

On Operation Franklin they knew, pretty shrewdly, before they 
started, the sort of thing for which diey were looking. At least eleven 
such domes had been identifi e d on Mei^ien. Ellef Ringnes, Amund 
Ringnes, Axel Haberg, and Melville Islands. Subsequent ground surveys 
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(which stopped short of drilling confirmed their suspicions. These were 
true salt-domes and they were associated with abundant petroliferous 
or bituminous rocks and with reservoir beds with impermeable caps 
all signs chat oil had been effectively trapped. 

As we pored over maps and speculatively plotted the possible con¬ 
figurations of the oil-bearing regions, a picture emerged which is prol^ 
sbly more substantial than mere fantasy. It would fit in widi the m^m 
theory of the ‘wandering pole’ (discu^ on p. II$) and with the re- 
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fiubuhed Wegeoer T^ry of Ccndncaol Drift 114) ■ Seas, teeming 
with du of organic life needed (or oil*ma]ung, ^rould have to have 

been wann seas but if the Und'CorfKe had'crept'and moved from neat- 
aojNCal Uticudes, that would be understandable. If we accept, too, the 
dsMcy of Continental Drift, with that great ra& of the Americas sorging 
wacwards, the pictxire becomes exdtmg. 

Ihe Rockies, the Sierras and die Andes become the ‘bow>wave’. 
thrust up by the movement. Pressing behind them is die soHd land>mais 
of the hud-rock Pre-Cambrian Shidd and the Innutiao Mountains (of 
Greenland Ellesmere) and, squeezed in between, it the sea with its 
bed being forced upwards and its water being shed. If you look at the 
map, as we did, with those assumptioas in mind, you can see the con- 
figuradoas of the oil-bearing region, stretching from the north of Elles¬ 
mere, through die oil-dome islands; down the Mackenzie to the oil¬ 
field of Norman WeQi (a few twiUt south of the Arctic Circle); down 
throu^ the oil-lands of Athabasca and Alberta; down through Okla¬ 
homa and Texas and the Mexican Gulf. A plausible ptourel 

The fi ndin gt of Operadon Pranklin did not liit the headlines’ for 
^nnthif four yeafs. The first reports were discreet, not because the 
experts had much doubt of die existence of oil (although driQings were 
stiU needed to confirm die nature and extent) but because the Canadians 
were canny. As long as those islands were remote wastes, nobody had 
given much thought to thgm. It had been tadtly assumed that, with 
deference to Danish Greenland and us tetritonal waters, the lines of 
extending from the conctnenial limits of Canada to the North 
Pole nude all islands in the sector Canadian. But the 'sector principle' 
has never been ngarded as sound intematioaal law. (If it was, Britain 
would have m recognise the ri^us of Argentina and Chile to the Ant¬ 
arctic Islands, the Falklands and South Shctlandt.) So sovereignty had 
to be estabbahed by tight of occupation and the Canadian! proce e d e d to 
ta ke the necessary step of fw«nning the islands. 


4 . rOlAB SUBMAKIKBS 

The other reasmi why Operation Franklin and its oil-finds were not 
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heavily canvassed at fine was the &:t that the oil was mainly on islands 

perpemalty locked in the kc. There seemed to be no sads&c^wayof 

getting it out to the southern markets. All dus was changed when the 
Nautilus and the Slure navigated the Polar Basin under die iee. They 
demonstrated the possibility of submarine tankets and fieighten and 
(why not?) Enert. From die designers’ standpoint, the idea of such 
submarine ships was attnetive. because they had to contesid with only 
one element, water. There were none of die problems of wind- 
resistance and waves which have tormented ships and their passengers 
since the first fiail crafi ventured on the bosom of the « xya n The 
designers could 'think big* in terms of 100,000 tons if need be and, with 
atomic-power and swordfish design-lines, of speeds higher rh»n those 
attainable on the sus&ce. 

The atomic-powered tubmarines, of course, could go on circutn- 
navigating the globe below the sui&ce for indefinite periods, but chat 
was no special recommendadon when it was a question of carrying 
fiei^c. They would have to surlaee sometiine to load and unload but, 
in the Arctic, they would be roo&d in by ice. 

The muskrats and the seals had solved that problem ^es before. 
When the ice began to {bnn. they choose a given spot and keep a 
breathing bole open by simply breaking and melting ^ ice regulvly 
at it forms. Seals wiQ maintain an qf/u. or breathing-hole, through seven 
feet of ice. (Thb the Eskimos know, and they watch the snow on the 
surface of the sea-ice heaving as the teals come up to breathe; thus they 
can harpoon the hapless animals.) Ice-fiee lagoons could be created and 
maintained • in the first place, by using compressed air and later, when 
the development of the oil (or ocher minenl) settlements justified them, 
by the heat fiom nuclear reactors. 

The cotoiddeDce of the two &cton - die recognition ofthe significance 
of Operation Franklin and realistic plasu for atomic submarines and 
harbourage - fluttered tbe markets in tbe ^ring of ip)9. 

(For die record: our alrcrafi was ‘de-extinguished’ and both it and the 
Franklin planes made their get-away before the thaw could prevent 
them.) 
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5 . rilBZINC TRI AKCTIC 

Juit u important as d>e physical transformation of the Arctic lanct- 
scape by suds derelopments was the psydwiopcal efiixt on the hundreds 
of newcomers to the Arctic They discovered their own misconceptions 
of the Arctic Of course, there are blizzards, and anyone who fbob 
around in a blizzard is a sV^g for trouble. But these blizzards are like 
the 'sand devils’ ^the desert; diey are rarely snowstorms coming out 
of the sky but ate grotnd snow, frosted into crystals, being whipped by 
the winds. Indeed, in many of the areas 1 have visited in the Arctic the 
precipitation u less than in parts of the Sahara Desert. There ate ’arid 
zones’ in the Frozen Nordi with less than four inches of raixif^- 
e^uivalent (in the Ibrm of snow) but, of course, four inches of rain meaiu 
forty inches of snow. The mow, during the winter, does iwt melt but 
can be airborne as blizzards by the winds. 

Ac a lonely weather^tion I an American weachemun why be 
had Bgned on for a third toor of duty in the Arctic He said that the 
attraction for him was cobur photography I Colour photography in 
the ArcticI In popular imaginarion k is just unrelieved white, but, as 
people like the weathermen discover, the Arctic is rich in colour. In the 
Arctic oigbt, lasting six months, there is not just a black^t: there is the 
moon reflected by the white brilliance of the snow. There ate the 'moon- 
dogs', the paraselenae. (The teal moon is surrounded by lumsiwus rings 
due to ice crystals in dse atmosphere and in these rings appear mock- 
moons, repeating the original aooss the sky.) But evesi when there is 
00 moon the sky glow in the clear atmosphere makes the night visible. 
Id addition there are the pyrotedmio of the Northern Lights, flaunting 
their fantastic coloured draperia in a ddeor which no producer could 
ever imitate. In the summer there are the parhelia, Uk mock-nins. These 
‘sutt-dogs’ multiply the images of the sun in the iky as the parasdcDse 
do the moon. When the mow leaves the Arctic Islands, as it docs in the 
summer except in sheltered canyoeu or on the ice-plateau, the landscape 
becomes alive with colour. There are Arctie poppies, red saxifrage, 
purple Arctic willow and the innumerable coloured mosses and lidsens. 
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The Arctic flowen are aS brightly bued - red, blue, orange and white. 
The fidet of the bills in the Araic summer are often completely coveted 
widi saxifrage. There are butterflies in the Arctic, and and 

tiny black qjiders and beetles. There are aoo kinds ofbirds, the 

snow owl and the gyrfalcoa. one of the world’s most bcautifol birds. 

'Colours!' said the weathermen, enthusiastically. ‘Colours so beauti- 
fiil chat the colour films can’t do justice to tium They arc very, very, 
very bcautifiil.’ And that from a man who had told me that wlut had 
brought him to die Arctic was the ‘hardship’ pay, which he could not 
spend and which was to buy him a car or a bouse at the end of a year’s 
tour of duty. He stayed fi>r three yean. 

On my visit to Alert, 400 miles from the Pole, I walked round in a 
light pullover and a pair of flannel trousen and became sunburnt. On 
the shores of Bay Baffin Esbmo men and women go around 
naked to die waist, basking in the summer sun like the of the 

tropics. At the mouth of the Mackenae River where it runs into the 
Polar Sea, one can go surf-badiing, with the atmospheric temperature at 
over 80*. 

It took the White Man a long time to leam what the Eskimo had 
known fr>r hundreds of years - that the best time to travel m die Arctic 
is in the winter when the rivers, the lakes and the lea are frozen and you 
could, if you wanted to, sledge unintemiptedly from the Hudson Bay 
to the North Pole. The rimes of inooovenience are the freeze-up and 
die break-up when the broken and melting ice makes travel, or air 
landings, difficult, if not impossible. Hence t^ suggesrioo that one way 
of using surplus nuclear power wo^ be to keep the airstrips and 
roads conrinuoosly froz^ by refrigerating chm as one would do an 
ice-rink. 


6 . CtOPS rot THI AtCTlC 

At the beginning of the twoirietfa century, the provinces of Saskat¬ 
chewan and Alberta were classified on the charts as umuicable fisr grains. 

The climate was coo dry. Today, of course, those provinces are rich in 
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wheat-growing territories. And certainly then no land north of $S* 
laticode would have been oniidered Hkdy gnin-growing land. The 
dinuce has not changed in the mean tune. What has happened is that the 
d ifnafi- has been flouted by the plant-bceeden who have bred mains of 
grain like Thatcher and Saunders wheat and extended the firontiets of 
grain-growing westwards and northwards. 

SimUarly • and agab this it not a prediction but a projection of work 
which 1 have seen going on - agriculture will be extended well north of 
the Arctic Qrde. For instance, in Alaska, the 49th State of the United 
States of America, nearly 900 fimilifs have ‘homesteaded' on a basis of 
commercial agriculture, although most of them have farmed on a patt- 
p ynf Ovet joo &rfns operate in the Matanuska Valley, just north 
of Anthoage. Even &rther north, around Fairbanks, near the d5th 
pinll fl , there are about 60 farou. Mott Alaskan farms market vegetables 
and potatoes but otben have developed dairy fisrming and grain- 
growing. A successful dairy &rmer in Alaska can net about $4,85^ > 
year, a potato farmer about $3,500 a year and a poultry fanner about 
l4.ooa It is true chat most of Alaska by modem definicion is ‘tul>- 
Arcbc’ and inside the cimberiine aop-production it mainly on sub- 
Arccic brown forest toils which need artiEdal fettilisen for proper culci- 
varion and imported fertiHsen are expensive. The tundra soib of Alaska, 
iifi/UrIttin by perma&oit at shallow depth, can support surprisingly 
chxiviiig gardem vdim the surface layers thaw out. 

In Canada daere it the Mackenzie River Basb, the northem extension 
of the Great Central Plain of North America. There are three main 
regiom: the Mackenzie Lowlands, the Pie<Ombrian Shield to (he east, 
and the Mackenzie Mountains to the west. Three fatures dominate it: 
the Mackenzie River, Great Slave Lake and Great Bear lake. There are 
myriads of lak« and extensive muskeg swamps vdiich result &om 

the poor natural drainage of the permanently &ozcn subsoils. The soil 
surveys of the r^on have not been exhaustive but, for a start, one can 
assume a million good aaes of soil in the valleys of dse Mackenzie and 
Liard and in the region &om Fort Smith to Great Slave. The fertility of 
the soil b good and the application of fertilisers can get crops off to a 
quick start, to take advantage of summer dayli^c and of summer 
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tempentures of u high at 97* at Fort Simpson or 93* at Aklavik, near 
the mouth of du Mackenzie. The million acre figure lor the Mackenzie 
r^on could be changed coniiderab}7 if there was consitteat 
and proper forest management. Tlie combination of contervatioo and 
clearance would improve dke ‘air-drainage’ as well as the laxxd drainage. 

In the early days of Peace River, to the south, the seeders regularly 
lost dseir crops through firosc until it began to lo<dt as thot^b the region 
was too &r north for agriculture. But as settlement progressed axsd the 
forests were intelligently cleared, the ’air-drainage’ was such that the 
&ost hazards were reduced and. u a result, the land-drainage improved. 
Today Peace River, with 16,000.000 acres of cultivable land, has become 
an agriculcural, grain-growing region. The recovery of musk^ swamps 
is comprehensible when one remembers that vegetation is an insulator. 
It prevents the sun’s heat Irom penetrating and duwingout the firoten 
subsoil so that it remaini rock-hard and impermeable to drainage. But 
once the black soil u exposed it absorbs beat and, progresavcly year by 
year, the heat penetrates deeper into the permafrost and the ‘bottom 
fidb out of the muskeg’. 

(One should remind oneself diat white snow reflects heat and that 
vegetation acts as an insulator, whereas black toil, or any blackness, 
absorbs heat. 

This principle was put into spectacular application by the fJimw in 
1939 when, in the snow-capped Kilicn Mountains of North-western 
China, thdr scaendsts, with organised labour, began to melt the Raders. 
The method was to spread coal dust or burned grass or wood and other 
dark-coloured materials on theice of the glacien to inaease the absorp- 
tton of the sun's beat. By chit process it was hoped, in the summer 
months, to melt about seven square miles of glaciers to provide enough 
water to irrigate 50,000 acres of &rm land.) 

When I told people that I had seen delphiniums cbes^high growing a 
few miLa &om die Arctic Circle, they just did not believe me until I 
produced certified coloured photographs to prove it. This remarkable 
growth is due to the twenty-four hours of daylight. The excessive radon 
of sunlight, however, does not always encourage the best results. 
Tomatoes, for example, need about seven and a half hours ‘sleep* and 
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crops Have to be adapted to the contmuoas li^tt 

At the Domimoo Agricultural Research Station at For Simpson I 
have seen experimental crops of sock a variety that a Hst of them reads 
like a teed>nierchiot’s catalogue; spring wheat, barley, oats, Indian com, 
potatoes, clover, timothy grass, asparagus, rhubarb, bush beans, 
broad beans, pole beans, beets, broccoli, Brussels sprouts, cabbage, 
carrots, cauliflower, celery, chard, cucumbers, lettuce, mdons, pannips, 
peas, spinach, raspbettics, cunants, and strawberries. And the flowers: 
cottage pinks, cedumbine, dames, sweet-wifliam, peonies, delphiniums, 
lupins, poppies, lobelias, sweet alyssum, petunias, pansies, marigolds, 
snapdragon, asters, cornflowers, darkia, sweet peas, nasnirtiujns, phlox, 
sto^ a^ ‘Youds-and^id'Age’. 

7. TAILOa-MADI etANTS 

It is not merely a aae of finding existing varieties which are suitable 
for, or can be accommodated to, Arctic condmom. It is possible by 
modem methods to crate special varieties which will meet the precise 
cooditioni which are to be tolerated. 

This 'tailoring' of plants can be achieved by radiations, by using the 
by>products of atomic energy, by X-cays, or by treating the seeds in 
atonic reactors. Another method is to use chemical ‘mutagens'. The 
botanical sciencito know the vaiieda for which (hey are looking and 
can spell out the spedficadoos, tdsich they could secure by nonnal 
selection methods and culdvatioii, though it might take anything up to 
fifty yean to get the predse qualities which they desire. The new 
methods ptovi^ drastic dtort^ts. 

The donands are For instance, at Akiavik at the mouth of 

die Mackenzie River, near the Arctic Sea, the average fiost-fiee period 
is 66 days. Thatcher and Saunders wheats, the succeaifiil varieties of the 
Prairie Provinces, cake 94 snd pt days to ripen and, in the best year, 75 
days. So ifdwte are to be grain crops in die Arctic, the period of maturing 
wUl have to be cut - because they are not looking for bott-rtsiaing 
strains but merdy bott-Aetiing strains. What are needed, therefore, are 
aops of all kinds which will be ‘gluttons' for sunlight, since they have 
to put up with the twenty-four hours daylight of the Arctic summer; 
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£rou-cheating, kigh*ykldingand, of course, of good ^oality.By tnodcm 
methods, either radledve or chemicel, h is possible to cut the selecdoQ 
and breeding tiine of such varieties from 50 to 5 yem. 

The great possibilidet of extending grain producdon into Arcdc 
regions were emphasised by Professor A. Gustafrson of Sweden at the 
International Conference on dte Peaceful Uses of Atomic Energy. He 
pointed out that most agricultural spedes, even high-bred o««»« like 
wheat and barley and maize, are still ‘rather old<dashioned'. 

'Our crops are out^-date,' be said. 'Barley b very much what it was 
500,000 years ago. Now we can gi^e the barley some of the qualities of 
the wheat and wheat some of the advantages of the barley. We can give 


the cereal the special characters which agriculture requires - sdlfrt straw, 
earliness, protein or oil content, baking quality. filKe-suength, grain- 
size or malting properties.' By atomic radiadon the scientist can remake 
chromosomes of a plant and ‘modernise’ in 

(Cbfomosomet are the portmanteaux in which nature packages the 
genes, the hereditary charicterisdcs which are passed on from one 
generadon to the next. Radiation can rearrange the packages.) 

Radiadon, however, is a blunderbuss method. It cannot give pre¬ 
cision. Hundreds of seeds have to be irradiated with dificiing doses of 
radiadon and most of them will be completely useless and the rest, 
and dtne again, may not indicate the kind o£ qualities that are required. 
It menu selecting the radiated seeds and trying to find from thm the 
peculiar qualities for which one u looking. Thu is a laborious business, 
but in this way plant-breeders can do in a few yean what nature requira 
aeons of dme to do and, in dealing with plants, they do not have to 
worry about harmful hereditary changes which would bring deformity 
or death to human beiegs and animals. For every bene£dal change likely 
with radiadon there are on the avenge 500 bad ona but the plant 
breeder has no compunction about getting rid of the mutations which 
be does not want 


Professor Gustafson later found what he regarded as a more precise 
and useful method. In place of or in addidon to, radiadon, be used the 
chemical, ethylene imine. Thu chemical imitata the genetic effects of 
atomic ndiadon by attacking DNA (deoxyribonucleic acid). DNA is 
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the banc chemical oflife and it ptqcnt in the gene*. What watparticu- 
Urly encouraging about this work with ethylene imioe was the evidence 
it gave in support of belief that the dme is not &r off when U will be 
poeiible to aepataee chromosome rearrangemenB gene* changes 
&om one anodier. From the knowlc^e experimentally gained it should 
be possible to direct die mutatum procen to produce by deliberate 
design the very kind of change* in planes which were wanted. For 
exam| 4 e, the Swedidi workers were able to pcoduce by irradiation a 
type of barley which came to maturity three weeks earlier than the 
mother strain. Ibis would be within the dme limit of the &o«t*£ree 
periods in the Arctic Similarly, by such methods it is poasible to develop 
crops for low rainlall r^ons, and foe difficult and sparse toil. 

There seems to be no question that it will be possible in the very 
near future to extend crop growing futber north than the present 
chnutk bmics of agriculture The quesdoo then is whether it is worth 
while If we look at it in the large of course there are the world's needs, 
but in recent years the piling up of grain stocks in the silos of the western 
hemi^here has done little to encourage the extension of aaeages of 
growing by farmers. This is a criticism of our whole method of dis¬ 
tribution of food, since the grain in (he silos does not get to the hungry 
bellies of other parts of the world; in a world of wisdom the opening 
up of the Arctic to grain production might be a very sensible measure. 

Short of that, however, if the Arctic is to develop as a system of 
induscrul oases, as has been suggested, then the need for crops suitable 
for the settlers is obvious. This does not necessarily imply the growing of 
grain for export The arguments of distance apply here. But it does mean 
the development of market-gardening crops and feeding ituffi for the 
animals which would provide ffesh milk, etc. This ^ain seems to be 
entirely pracdcaL 


8 . pboplb taki boot 

Quite apart from the debate at to whether there should be broad-acre 
Arming (cereals) or cruck-£srming (vegetables) the extension of horb- 
cultnre as well as agriculture into the Arctic is sodally important. In the 




WmcBD Daccsb - Tlic anopheles mosquito, spreader of malaria 


Malarial Cavalry - Malarial eradication run like a military campaign in Mexico 














WiNCBD Stomach 
Allwlevouiii^ fiamlc desert locust 

WiNCBO Attack 

Aircraft spraying insecticides to destroy locust swamis 








TUB BOTUtI 


39 S 

experience of the Nordu people who pUut roots grow roots thenucHres - 
dut is, they beooise settlers. One sees, over end over sgiixt, houses with 
gardens which have become 'home*. This has been bonie out by the 
experience of Uranium Gey, the site on Lake Athabasca of the ElA^do 
Mine. There the minen were wcD paid and they u miner's camps 
go, excellent amenities. They contracted for a year, or 300 of work. 

If they cared to work extra shifts they could complete their contraa in 
less chan a year. This contract labour made the mining labour migratory 
and the turnover was at first very high. 

But diat gradually changed as living conditions improved. Mankd 
men began to bring in their They were esscouraged to build 

their own homes in Uranium Gty away fix>m die mining site so that 
they might become part of a wider community. Gradually more and 
more of the minen settled theix ftmilies at Uranium Gty - instead of 
supporting them in homes in the south. Two dungs helped to make 
them setde. One was the development of tchotds (oocc their children 
got esublisbed in school, the fathers thought twice about leaving) and 
they also began to make gardens out of t^ inhospitable soil, building 
them in terraces of rock and nursing than into growth. The latter was 
almost decisive. The 'bouse' had become a 'borne'. 

9. TUB Aftcric IS WABKBB 

One of my assignments in the north was from the Food and AgricuV* 
ture Organisatioa and it was to consider the efiixts of the gradual wann¬ 
ing up of the oonbem hemisphere. Scientific observations, which are 
still going on, confirmed what was manifest ftom many sourca of 
evidence > chat the temperature is measurably rising and diat changes 
are caking place. This is conspicuous in the movement north of the 
fishing grounds. In the past thit^ years, a notaceablc change has occurred. 
In the ipao's, the catch of cod off Greenland had been less dun 330 tons 
a year, but by 1951 it had risen to 169.000 tons. The cod had pushed ftr 
up the Davis Strait into Baffin Bay. (Now the tea conditions are so 
favourable that the cod propagates in Geenland waters, without 
migrating, as previously, to the Icelandic spawning grounds.) In thirty 
yean the avera^ air temperature in the winter at Spitzbergen and in 
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Grec&laiui has rises by about 10* cestigracie, whik the temperatuie of 
the sea has increased by about 3* centigrade. At the same tune the 
^ thii-lfwxt, ss was shown by the Nouiihis onits 
croes-poiar journey, and its front ta the ocean has retreated frrther 
north. By common consent of all the Arctic *oId hands', dsis warming 
up has been significant both in the condnenta! north and in the Arctic 
idands, and modem sciestific measurements indicate the same diing. 

Thus new fimtors come into any future appraisal of the north, 

not implying, of course, dut we shall presently have an Arctic Mediter¬ 
ranean or Florida bat a sufiictendy changed m nuke appreciable 

difiereoce. It may be a short cycle but indications are that it is the up- 
curve of a long cycle, reverting probably to the conditions of t,ooo 
years ago when Eric the Red's Greenland may have been really 'green 
land' in para. One of the factors which has, perhaps, contributed to the 
warming op of the northern hemisphere is the increase of carbon in the 
atmosplme as a result of the industrialisation of the continents of 
Europe and Amerka. This has provided a carbon blanket whidr, with 
the carbon d !<>in di> from the growth etkcoutaged in the sea by the 
i-hanging has accelerated the rise in temperature. 

The wanning op may afreet, among other dungs, the nature of the 
rimhgf hndt and t qucsQon has been put to me to which I have stU! no 
adequate answer: 'Will the die-back of cenain timben in the south be 
compensated by a nordiem extension of die ireedine in the north?* 
That may happen gradually and naturally, but a direct challenge is now 
ofrered by dse Danes udio am breeding, in Denmark, trees chat can be. 
adapted to the cooditioru of Greenland. (Much hat been, and can be, 
done to re-afrbresr the deserts of the tropical r^ons by borrowing and 
adapath^ non-indigenous trees - trees from other para of die world - 
and k might similaily be fiaitble to do so in the frigid deserts of the 
north.) 

One of the problems which must never be underestimated in the 
development of the north is the point, already made, that in many para 
arid caodidoos exist even in regjorn where mow might give (be im¬ 
pression of abundant predpitadon. Profissor Hugh M. Raup of Harvard 
Univerdry has suggested that the frost and short growing season in most 
of the Arcdc and sub’Arcdc are not as significant as the shortage of water. 
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10. THl tlAi MAN AND THB WBITB MAN 

Without quction, however, the Northern Frontier wUI be openea 
up. Change* wiU take place in area* which we now consider empty and 
inhospitable. For example, the Canadian North u peopled by le** than 
30,000 human*, of whom 10,000 or thereabout* are One rhinp 

dat i*inanife*t(at least, tome) i* that the Ealdmo* can beavery big 

m the devdopment of the-Far North. After all, they have been there 
for over 4.000 yean. They know more about dae conditions of theit 
own country than any White Man ever can learn. They are a highly 
intelligent people and. a*, has been reiterated, mechanically 
Indeed, thi* book opened with the question, ‘How many oil-drum*, 
bott?* And it would seem a* though this race, with its latent ability, has 
been waiting all these millcnnu just for oil drums, waiting for materials 
on which they could exercise their skill*. The development of die Arctic 
and the sub-Arctic must he a genuine partnership between JCabloctu 
(the White Man) and Ltmii (the Real Man. as the Eskimo calls himself). 
The North, dien, is a challenge and an opportunity. 

II. THB OESeitTS COMB BACK TO LIFE 

An international party, invited by the Is^lis to the opening of the 
Becraheha Desert Research Station, ^onsored by Unesco as pan of its 
Arid Zone Programme, had a salutary eiqierience. Our hosts by-passed 
the Uhomories and took us instead to the rained city of Obde. deep in 
the Negev Desert. There, from a hill honeycombed with dwelling aive* 
and catacombs and crowned by the brokm pillars of public buildings, 
we could see the story of desert agriculture as the Nabateans and the 
Byrantinc* had written it in the landscape, a story smudged hy Tune but 
stUl legible to tutored eyes. 

The drvefsion was deliberate. In a country where every ^adeful of 
toil is a ^oonfiil ofhistocy and potsherds are as commonpIsM u pebbles, 
they a^ue that experience is a subsdtute Cot experiment. Empirically, 
by trial and error, the ancients, in the course of cenruries, m ad e t hei r 
mistaka and remedied them (or failed to do to) and arrived at methods 
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of 3 esen culdTuioa anil coiuervatios which have a relevance today. 
Mechanical shoveb, boOdozen, tncton and duc-plougbs can do in 
minutes what once took months. Steel and concrete can reproduce theic 
<fan« of masoned stonework. Gdignite and pneuniadc drills can boUow 
mouncaini is which dtey once their marvellous rock-dstems. 

laboratory tests can tdl in a (ew houn &cts about the nature of the soil 
which they learned by gcneradom of obscrvadon. Science and tech- 
tkology can overcome the handicaps and limitations which restricted 
them in theit ttruggle with dteu environment But we must know what 
Ht«ieaWf»n w»»Ty»nd\phfAerwi«dflmdidnot make 
them pause bdbre diey made mistakes which we can repeat today. 

(For example, in the Negev, (here was a plateau crusted widi desert 
'pavement' beneath which were depths of loess, wind>blown dust, 
whidw pven water and careful hmbandry, can become useful soiL The 
desert pavement bad acted as a hd and preserved tt Then when, a few 
yean ago. Israel was de^>ente for grain, an army of setxlen from the 
north moved in with columns of tracton and plou^, broke the pave¬ 
ment, sowed barley and by dry-&nning reaped a rich harvest - for one 
season! Then the winds and the dry loess began to drift and build 
up into a system of moving dunes. The impemosiiy wbkh had ignored 
the wamit^ of soil<oaserationiio meant laborious yean of ro-6xing 
the dunes and preparing the plateau for the coming of the irrigation 
waters whirii would make culoTadiA safe.) 

$0 (he Israelis send out their archaeologists ahead of the scientists, not 
Just to study architectural nnns but botany and classical &rm- 

rystemi and to reconstruct them at ‘living museums', as Professor 
Michael Evenari. of die Hebrew Univemey, has done at Obde. The 
results ate impressive in their significance for desert recovery, not only 
in the Negev but throughout the detcits of the Middle East and, by 
sdmulactng ideas, in the deserts of other parts of the world. 

Archaeological botanists have leaned not only what plants were 
rcoaooiicaQy useful to the Anctents bur have also been able to work out, 
firom dieir plant studies, a reliable index of the climatic condirioos which 
existed at various periods. (For mm plg, they can tell that the rainfaU of 
Obde, 0,000 years ago. was not appreciably different - plus a few milli- 
metres - from what it b today. Thus dieir aadent systems ofootiserva- 
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don were coping widk simiUr coaditiMtt and d>cir expcne&ce can be 
repeated.) And while modem water^finding methods, gravimetry and 
scumognpby, can seek out weQ-sourccs in the deserts, the botanists can 
find dtem more dieaply and perhaps more directly by studying the 
plants. Desert shrubs find dieir own sources of water and, if one knows 
their root-syiteim, it is pocsible to predict the depths at which water can 
be reached. Moreover it it possible to teQ the nature of the water - 
whether it is likely to be fiesh or braddsh - fiom die nature of die plants, 
because some are more tolerant of salt dun others. 

Professor Evenari, fiyii^ to the port of Elatt on the Gulf of A^ba, 
noticed, about rwenty>five miles north of the town, dustcn of growth 
in a curiously suggesdve pattern. He recalled the Pertiaa fsnatf (bod> 
zontal wells with vertical shafts) which had never been ttgardcd as a 
feature of Palestine. As it turned out, tbc desert sands had choked die 
shafu but trees and shrubs had found them an easy way of reaching the 
underground water rhannelt. 

IB. tr TBB PSW BB ON TBB PLBBCB 

Another diisg with which the Israelis are hkely to impress visstots 
before they start showing them laboratory 'gadgets' is dscsr familiarity 
vrith the Bible, which is itself a remarkable scientific textbook. With* 
out reverong to the disputed 'dew*mounds' (p. 189) it is worthwhile 
recalling the emphasis which the Old Testament places on dew. The 
first 'dew-meter' it to be found in the Book of Judges (VI37, jS): 

'Behold,' said Gideon, 1 will put a fleece of wool upon the floor; 
and if the dew be on the fleece only and if it be dry upon aQ the earth 
beside, rbm 1 shall know that diou wilt save Israel by my band, as 
thou has said. 

‘And it was so: for he rose up early on the morrow, and thrust the 
fleece togedier, and wringed die dew out of die fleece, a bowl full of 
water.’ 

That was quoted to me by Dr Dovdevani, vdiom I first met on the 
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dcMit ntrvey which I nude for Unetco in 1930, u proof of the im¬ 
portance of dew. which he had nude lua M cn tifi c life-wock. His 
evidence, even then, was impressive, but it became more so later. 

One of bis dtscoveries was what one can call a ‘dew-horizon' in the 
soil. This dependis upon the evaporation of moisture &om the deeper 
•oil and the condenadon and seepage of the dew on die surface. The 
level at which the two can meet and provide a moist layer can be fairly 
constant, according to the contours of the ground and the nature of the 
soU. Ifthe plants can be selected which will root down to that ‘horizon’, 
they can ^ assured of a consistent supply of moisture. An account 
which I wrote of this brougjit an unexpected visicor to see me in 
London. He was an expert from ^ypt who, because of the political 
situation, could not go to Israel to see Duvdevani, and came to get more 
information from me. He had sem that this ‘horizon* mi^c be a rational 
explanation of the culture of the water-melon > those gourds of moisture 
whirit grow in the seemingly arid desert. ‘Cult’ is right, because, as be 
pointed out. there was a kind of ritual planting of the melon seeds. They 
dug down to a locally traditional depth and planted the seed. Might not 
this age-old ncar-nipendtion be reaching down foe the dew-horizon? 

Another discovery led to Duvdevani being given a Unesco fellow¬ 
ship to go to California, where Dt P. W. Went had a laboratory in 
which t^ clinudc conditions of any part of the world can be repro¬ 
duced. Here, under contrcdled condibons, his field observadons could 
be repeated. In maiMsude dew, with precise measurements, plant- 
behaviour could be studied. One of his observation} in the Middle East 
had been that certain plants appeared to absorb dew, in quantity, duough 
their leava and exude the excess throt^h their toott. (This was an un¬ 
expected inversion of ‘translocation*, by which the up rises and the 
mobtuie drunk in by the roots is, in excess, sweated out by the leaves.) 
In f-ttlifnm ia , plants wcxe grown in test-tubes, under dew condidont, 
and this phenomenon was precisely measured. The rqsort of the seventh 
sesRon of the Unetco Arid Zone Advisory Committee was to record 
that dm behaviour was true of a Urge number of economic plants stsch 
as tomatoes, sugar-beets, peas, squash and mint. Some plants are natural 
'dew-ghittons* habitually absorbing (u more dun they need and 
exuding the excess moisture into the soiL This suggested interesting 
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posstbilidet. Not only could pUnu, such as these, be grown in desert 
dew but they could be used as 'wet-nurses' for ocher plants grou’ing 
adjacently. 


13 . CHIMiSTKY OF ECSTASY 

Ac one Unesco conference 1 felt about Dr Went (who gave Duv- 
devani his oppoetunity) the way diac poets felt about Newton who, they 
said, had robbed the rainbow of its poetry by discovering dse spectrum. 
To me, one of the unforgettable experieaices of the desert was ^ m«yr 
of the ephemera. After a dsower of rain, in regjons which might not have 
had rain for ten or fifteen years, the desert would suddenly burst into a 
dazzling carpet of flowers, brilliant reds, blues and yellows. Hus flower- 
burst was a mystery of nature ... 

... Until Dt Went explamed that the ecstasy of the desen was no 
mote than a matter of chemical inhibitors. These are dK^«niraU wtuch 
prevent germination. In the case of the ephtmeni, nature has provided 
the seeds with chemical 'mackintoshes', or rain-proof sleeping-bags. If 
there is a flurry of rain, insufficient to bring the seeds to maturicy, some 
of the chemical may be washed off but the s^eds will regenerate the 
inhibitor and go to sleep again for a few more years; but, comes a real 
shower with a fair chance of ripening, the chemical will be washed oflf 
and the seeds will germinate. 

That is only one of the many mechanisms by which plants come to 
ternu with the aridity of die deserts. On a flight over a desert, one may 
see how, round a tree or shrub, there is no hint of any other plant-life 
and one will say, ‘But, of course, the shrub has taken up all the moisture 
and the other plants have died.' That is not necessarily true. There arc 
often livmg seeds arotand the shrub but they are being prevented &om 
germinatiDg by a chemical exuded by the roots of the shrub. If how¬ 
ever, there u a heavy shower which will wash that ehemiol out of the 
soil, there will be enough water both to liberate the slecfring seeds and 
bring them to maturity. 

This principle of the inhibiton (and there are many ocher types) is 
manifesdy important In revegetating the deserts - the precondition of 
their development. The chemists can identify the exact nacute of chose 
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Fcvr instiDce, oo a visit to a British htcwety research institute, 
they showed me how they had isolated an aminoadd by paper chroma* 
togtaphy. frhis, in its simplest fcom. b like making a blob of watery 
isik on a piece of blotting paper and watching the pigments of dsc iisk 
separatism out in varicoloured haloes. Similarly subtle chemicals, like 
the aminoadds of the living processes, can be separated because, in a 
solvent tufiusing through filter paper, they travel at difleiene rates.) The 
chemists were trying to interest me in this one because it was a dsetntcal 
which had been 'predicted' and, indeed, had been synthesised even 
before it was separated as ‘the real thing'; but what fiuciiuted me were 
the lacts about this chemica]. 

Many, many centuries ago, men discovered that they could make 
fdmented drinb by soaking barley seeds in water and causing the seeds 
to germirute and malt The brewera had always assumed that the satura- 
lioa caused the germinarion. Actually, they had been soaking-out and 
throwing away the inhibitor. Here it was - already synthesised aisd 
capable of bdng tnanufutured commadally. 

Now, if the plant-Kientists could tell the biochemuts just how much 
water a partkulai plant would need to nuke it mature, the seeds could 
be ooat^ with the prescribed amount of the chemical. Seeds could be 
scattered over the deserts, if necessary, by aircraft, and lefi to germinate 
when the proper rains came around. 

That may sound a slow way of doing things but there are many stages 
in reclaiming deserts. For example, if you want to cultivate a likely 
area, it will it necessary to anchor moviim dunes some distance away - 
as a kind of defessce system. This can be done by marking out patches 
five metres square, making trenches round them and planting rough 
grass, in stem. Thess in the centre of the patch, sonse deep-rootmg shrub 
or tree is planted. The grass seeds and the tree roots spread and the loose 
sod u gripped. Gradually the dune is covered with a patch-work quilt, 
or. more aptly, with a tarpaulin of vegetation which straps the dunes 
down. But if the process of cultivation is to be extended, areas of desert 
much farther away must be gradually revcgetaced and it b in thu 
extenson belt that the scattered seeding might be usefiil. 

Conversely, it b possible to remove the natural inhibicoia by acid 
treatment, or by pre-exposure to tight, and so seize the opportunities of 
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tudckn ioil*i»oiscure. 'Hia method allowed a peroinial grass of the 
north of Israel to be used in the Negev. 

T4. IIVIHC WITH SALT 

Another discovery which will be valuable in coasul desert regions or 
where water is available but salty was made by Dr R Boyko. He and 
his wife found that they could grow esparto grass on dunes irrigated 
with 50 pet cent of sea-water. This, cunously enough, had the effect of 
washuig surfoce salt out of the dunes, because the sluicing with sea-water 
carried the salts down through the loose sand. The surfscc salt and the 
sea salt would, of course, gradually accumulate tn the underground 
waters and increase subsoil saltnahon. Thus such a scheme must always 
be itiicdy supervised by expettt. But they, too, might learn somediing 
from the ancient Sumerians who, as we luve seen, kept the subsoil salts 
at bay by rotating crops of weeds which dried out the soil at their 
toot depths and formed a dry barrier which prevented salt-water from 
seeping upwards. 

Salination, chat fretor which has meant the abandoning of whole 
regions and leaving them as deserts, is one of the most truculent problems 
in desert-recovery. Yet desalination (removing the salt) is no longer a 
sdentifu; problem. It can be done - at a cost. If it is a question ofdrin^g- 
water, then settlers will meet the cost to slake their thim; if it is a 
question of water for an industrial process, then the coK of de-salting 
may be a reasonable economic charge; but if it is a question of irrigation 
water for forming, then the methods have to be much cheaper chan 
diose which the scientists have so far achieved - because of the quantities 
of water needed by the arid toils, and also, in many ra irt . in order to 
leach out the salts in those soils. 

Solar distillation has been tried. This means using the heat of the sun's 
rays to turn the water to steam which condenses on some cold suifoce 
as fresh water. The limitation here is the quantities which one can get 
for any given capital outlay on a solar distillery. And, anyway, disnlM 
water is not tatisfoctory for irrigation. 

There u a much more e&crive way. It involves passing the water 
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dirot^ a baOery oSpolytlt€trolyU membianes. That means using spedal 
types of pbsdc fili^ EHfferesic salts bare diSerenc electric charges 
ifliKTctu in tfadr molecules, and the selected fUms have, in their molo- 
cuks, the opposite of those charges. So by passing electricity through the 
water the differ ent salts ate ‘sorted out' and saeened by the plastic filters, 
and useable water passes out. (Nodee the word 'useable', because not 
all the salo hare to be removed; sonte of them are harmless or even 
beneficial.) 

Of comae, dte cost of using electricity has to be taken into account. 
Ncvettheless imptovements in this method and the reduction of the 
cost of the end^esult arc a likely answer to the desert-fiumcr'i problems. 

A third method is te&igcration. If salt or brackuh water is frozen, the 
sahs are separated out and the resulting ice u firesh. But salt-water has a 
very low fieezmg point and the extraction of the heat can be expensive. 
Some experts, however, are optimistic about the use of solar heat for 
lefngetation of brackish waten - that paradox which surprises the 
uninformed when they discover that a blazing gas jet can freete didr 
'fridge! 


15 . B&KNBSSINC THE SUN 

This use of the blamg sun of the deserts to produce coolth is already 
in practscal apfdication. Houses in the desert arc air-condirioned by tolar 
metbodi. 

And, of course, nothing could be more tatit&aory than harnessing 
the tun as the energy-source for desert purposes. I remember a French 
Kiwirwt , in the Sahara, poindi^ to the fierce sun and saying, *Thetc is 
Mir nuclear reactor.' And, of course, be was right For billioos of yean 
the sun has been converting hydrogen into helium and, in the process, 
teleasng the rays on which all life depends on earth. That it the fusion 
process - the harnessing of hydrogen energy which was first released by 
Man as dse cataclysmic force of the H-bomb - whidt once it is achieved 
wiQ mean power unlimited. Even short of dut, the making of 'baby 
stxns' on earth, the real sun offen great possibilities for scientific in¬ 
quiry. Let us harness some of its energy which is so prodigally avail- 
able. 
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There are many promising devices. Archimedes is supposed to have 
set the Roman fleet ablaze at Syracuse by using a burning g^«ft and 
I4p) the Incas used convex mirrors to light dry tbder foe their fire- 
and-scnoke signals which could send messages to Cusco over a 
of i.ooo miles in less than three hours. Mott people have lit fires with 
reading-glasses. Today, in the United State^ great mirror reflectors can 
focus die tun and produce points of heat as intense as the firediall of an 
atom bomb; and, in the Pyraiees and Algiers, giant mirror installatiocis 
are used for smelting intractable ores. 

The Russians, while developing vast hydro-electric stations, building 
fission reactors and experimenting mth fusion reactors, took up solar 
energy seriously, not as an interesting ploy but as part of their power- 
system. They considered it a means of producing electricity in 
beyond the reach of ttansmissiotwlines. One of th^ biggest is 

in Armenia, near Mount Ararat. The installation consists of 1,29} large 
mirrors mounted on electrically driven bogeys travelling round 2} con- 
cenme railway tracks. This battery of mirrors forms the arc of the ctrcle 
and follows the sun round die sky. The rays are focused on a boiler at 
the top of a tall mast and the steam thus generated it used to power 
electric generators. The station is designed to have a capacity of 1,200 
kilowatts to supply elcctridry for the surrounding fuim and operate 
irrigadoQ pumps. 

As part of a Unesco programme in Israel, Or Harry Tabor developed 
at the Beertbeba Desert Research Station the world’s first industrial plant 
operating on tolar energy. Black tuifiKcs absorb heat, but if you turn 
such a turfiuc face upwards to the sun, most of the heat is lost by con¬ 
vection- by escaping upwards, like die heat from a radiator. Ingeniously, 
Tabor used simple curved mirrors as the gatherers of the sun’s rays. Over 
this, to capture the reflected rays, he placed blacfc-tutfiiced coUecton 
above which were pipes in ndiich water was heated into low-pressure 
steam. Notice that the pipes were above the black surfaces. This arrange- 
ment cut the emission heat-lossa by four-fifths and made the system 
economically possible for steam-raising at a Beersheba factory. 

Another solar-energy device consists of silicon wafers embodied in 
a ’tolar photovoltaic battery’. When the sun shines on the silicon, the 
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battery convert* 8 to 14 per cent of the nin’i energy received into 
electricity. 

In India dw 'Nehru Stove’ has been developed. Thi* i» a timple con¬ 
cave mirror of polished aluminium which focuses the tun on to an oven. 
(It is like an inverted umbrella with the oven at the tip of the handle.) 
With this it would he possible to cook a meal for a whole &mt]yi but 
at the cost of the stove u beyond the means of the Indian peasant, 
whose average income bless than £,iO a year. Yet a contrivance as *im|de 
u thb might well rcvolnrionbe the feeding of India's 400,000.000 people. 
For most of them, their only fud b cow dung, whkh. if U were ploughed 
into the soil instead of burned, could regenerate the undetnoursshed 

ground. It should isot be beyond the wu and economics of man to make 

such a stove more dieaply (perhaps out of plastics sprayed with a mirror 
surface) and make it available to the peasants of India. 

Ihe trouble b, very often, that (hose who think of development so 
often rhinit of great engineering works - dams, and the hke. Yet the 
‘break-through’ b oftm much more elementary. For itutance, in 
Afghanbtan the Govcmnicnc appealed to the Po^ and Agricultural 
Organisation to uve the country from a grave situation. At that time 
the only product which could earn foreign currency was kankMt, 
Persan Lamb, but the flocks were m peril. There was diseax but, also, 
some 40 per cent of the flocb died during the winter from hunger. The 
veterinarians could provide the answer for the disease, but the other 
problem was winter fodder. Thb was solved quite simply. The P.A.O. 
experts introduced hoes and encouraged their use in the production of 
root crops, but they also introduced scythes. The Afghans only had a 
primitive sickle, but experts from Swirzesland and Austria showed 
them how they could scythe the hay on the mountain-side and store it 
for winter forage. They also taught the Af^ian blacksmiths how to 
nwln» scythes and encouraged their adoption by organising competi¬ 
tions. (Thb latter was a mitwr mistake because the Afghan chiefi, who 
love competitions, treated scything as a sport for the wdl-to-do and b 
took some time to convince ^ose who had to do the work that it was a 
practical necessity.) The other circumstance was malaria clearance. The 
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World Health Organiiatioo went iato Afghaniatan aod cleared a 
malarial regtoo. between the Hindu Kmh and the Oxu* River, which 
bad been abandoned for centuries. It became a conon^rowing region, 
ptoviding Afghanistan with a second export, but also with cotton-oil¬ 
cake for the winter (ceding of the sheep. 

16. DBSBRT PO-IT-YOUKSBIV 

One of the exponents of the elementary approach to desert problems 
was Mr E.W. Golding, a Britxsh expert on rural electrification and wind 
power, who was sent out to various parts of the world by Unesco. While 
others were thinking of nuclear power, muld-purpoac projects, nr., 
Golding advocated ‘Robinson Crum’ methods - truing do with vdut 
was available - wind power, for instance. Sails could be made from rush 
mats; on wcU-chosen sites, they could generate 3,000 watts. With 
storage bactetics. they could supply light and a smalt amount of domestic 
energy. More ambitious co-operative ventures might have S kilowatt 
or as much as 50 kilowatt with altemadng current generators when the 
speed was high, and direct current for battery chafing during low wind- 
speed periods. The cost per kilowatt hour would vary according to the 
wind miles per hour from less chan a halfpenny to 4)d. per unit. He 
showed how. in some regions, organic wastes such as brushwood, 
waste, sugar-cane waste, husks, cobs, icnw, coconut shells and animal 
waste could be burned in small steam-power plants, or fod into a 
producer to provide producer-gas, or formented to produce m^rhan#* to 
be used as domestic fiiel or drive internal combustion engines. 

Nevertheless, the challenge of the deserts wiris dseir possibility of 
increasing the food supplies not only for the local inhabitants but for 
global needs calls for capital investment for beyond the means of 
localities or, indeed, of governments. As we have seen in the study of the 
past ctvilisattons, the peasantry could only extend dseir culdvation so 
for and then had to rely on public udlides, personified by the overlord 
who could build major irrigation canals. Similarly, today the redama- 
doo or the devdopment of deserts requires the indulgence of those who 
can afford the heavy capital investments, and who can make engineering 
resources available. 
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IJ. THE SOBTBIEANEAH NILE 

Newly »third of die land jut&ce of the earth is hoc. dry deiert. That 
definition would include the hopdeo fodty dcaerti of the lun-enamelled 
kammMU, the gravel desert, or smr; and the granuUted sand desert. But 
it also great areas of desiccated alluvial soil and wind-Wown 

loess, as weU as semi-atid steppeJand. As a tough approximation, one 
ought lay that a ninth of the vast desert region could be devdoped, re- 
vegeuted. and cultivated, if only water were available fiw irtigatioa. 

Modem knowledge of hydrology suggests that niisc-tentb of all tlw 
water of the Itnd-sur&ce (as distinct fiom the oceans) is underground. 
W depth. That means that aD the great lakes stored in aquifen, under¬ 
ground porous rocks, sands and ^vd, like the Albiennc Nappe (p. 139) 
or the grandiose subteiranean tributary of the Nile. 

The latter is an underground river about 5^0 mile* long, starting some 
Bo miles south of Luxor and entering the Mediterranean on the west aide 
of the Nile ddta about 70 miles north of Cairo. According to Mohamed 
El Sayed Ayewb. oncKiime Inspector General for Nile Coutro), the 
width of the subterranean river is 6^ miles and the strata of 
sand and gtavd m which it flows are from 300 » i, 5 <» feet in depth, 
aapaciiy which issix rimes rise annual flow of the Nik- that great wide 
river with all the water of Lake Tana and Viewria Nyana behind U. 
To call it a ‘river’ may sound like an exaggeradon, since its flow-move¬ 
ment it about 50 feet a year. Nevetthekss, about 4,000,000.000 cubic 
metres flow into the Delta unused despite the fita that the water feeds 
upwards into the Nik itsdf and some 1,400.000,000 cubic metres find 
their way into irrigation. 

One imaginative scheme which has never been properiy considered 
is to build a subterranean dam at the mouth of the underground Nile 
and thus force more of the water up into the river and raise die water- 
tabk M that many of the Egyptian depression might become extensive 


oases. 
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IS. WATER 1$ POLITICS 

Tlie world was reoiinded ttut water is politics when die crisis occurred 
over the High Aswan Dam, the great battle on the Nile which was to 
create a reservoir stretching 500 miles south. At hm the IntetnMional 
Bank acquiesced and then politics stepped in and the support of the Bank 
and the United States was withdrawn. This 'toss of £sce', and the need 
to redeem it, were among the reasons why Colonel Nasser seized the 
Suez Canal, die act which led to British and French military intervention. 
Latex the Russttm promised Nasser help in pursuing the High Aswan 
scheme. 

There were technical and cultural as well as political objecdons to the 
High Aswan project including (he 'drowning' of the Nubian temples. 
But, without debadng the events of the case, the circumstaoces were a 
reminder that Egypt is a ‘water*hostage’. It has to import all its water 
from outside its boundaries. The sources of the Nile are in Abyssinia 
and Uganda and even the great oases of Egypt depend on the rains of 
^ench Equatorial Africa, feeding the Nubian Sandstone Layer which 
supplies the springs of the oases. Similarly one is entitled to regard the 
'Kashmir problem’, in spile of its political and religious overtones, as a 
hydrological one. In Kashmir there are the sources of five great riven 
on which both India (pardy) and West Pakistan (entirely) depend. On die 
borden of Israel there are the ‘incidents' which are a conrinual reminder 
of the struggle lor the waters of die Jordan between Israel and her Arab 
neighbours. And, since we are plumbing beneath the surfice pohtio, 
we might consider the fli^t of the Dalai Lama liom Tibet as anodier 
instance of‘water politics'. In that forbidding country is the watershed 
of the rivers of continental China. But in Tibet also there u the largest 
concentntion of useable water-power in the world. 

19. UtlB-BICH CATABACT 

Professor Hans Thirring, the Austrian scientist, described at the World 
Power Congress in 1956 a scheme to harness this power. Nub of die 
project is a hairpin bend on the Tsangpo River, which flows into the 
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Brahmaputra. Between cod of dut hairpin the drop is a mile and a 

quarter. The proposal was to short-cot the bend by a tunnel ten miles 
long. Through this would pour to a generating station the world’s 
greatest ataract - dropping a mile and a quarter. He estimated diat 
the capacity might be as^h as) 30.000.000,000 blowatt-houn per year. 
This ^ure - the output of one scadon- was a quarter of all the electrical 
energy then produced in the world. (The project for a tetMnile tuzmel 
is nor a forbidding one, when one considen that the Aluminium 
Company of C«naiia drove a tunnel that long through the Rockies to 
get power for Ote aluminium woeb at Kinmat, in Bridsb Columbia.) 
Thiiring was proposing a consortium of Tibet, China, India and 
Pakistan to share (he project, and with intemationa] hdp to £nd the 
^3,000.000.000 which he esdmaied the undertaking would cost. The 
Chinese got there first 

aO. TAMING TBS YSILOW RtVBt 

At that same World Power Congress, we heard the first descriprion 
by Chinese enginecn of the gigantic schemes for the Yellow River. This 
river flows for 3,000 mila and throughout history has wreaked havoc; 
one flood in 1938 diipostessed ia.500,000 people and cost 890,000 lives. 
The en^neers told how, with technical assistance &om the U.S.$.R., 
this river is to be harnessed, to connol the floods, provide irrigation for 
30,000.000 acres, improve navigation and produce 110,000,000,000 
kilowatt^wuis per year - ten times the total dectrkity generated in all 
China in 1954. Ihere are to be fi>fty<«x dams, and the first five 
are to be completed by 1967. The Yellow River u the muddiest river in 
the entire world, but the engmeering works are to be preceded or accom¬ 
panied by vast soil conservancy and re-aflorestadoii schemes to stop 
erosioo and prevent the silting up of the dams. 

T.VJ^, (Tennessee Valley Authority) has become synonymous with 
such great muld-purpose enterprises. Its scheme controlled the flood 
waten of seven American states, restrained their perennial havoc, built 
up irrigation systems and produced a vast hydro-electric potential - and 
incidentally hdped to make possible the atom bomb, because T.V.A. 
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provided (he dectridty for the Oak Ridge plant, which produced the 
uranitim S}5.1( war aho an example U) the whole world of how 
afToreuation and engmeecing could combine to undo the havoc of Man 
and hamea d>e forces of nature. 

at. TUBNINC THB SIBBftlAN BiVBBS 

In Runia even greatex schemes were undertaken. Ship canals were 
coBstnKtcd from north to toudi acroa European Russia. Two dams at 
Kuibisheva and Stalit^rad had each of them a hydto-clectric output 
greater than America’s Grand Coulee. But transportadon and electricity 
were only part of the purpose. 

A milhon square miles of the Soviet Union ate steppe and desert, and 
threc-quatters of a million of these form the Central Asian Desert. Rain¬ 
fall between two and fifteen can occur in spring and autumn but 
in dse summer the dry wiisds, often with hurricane force, sweep from the 
Asian deserts into the European Ukraine. A fifteen-year afibrcstadon 
scheme was started in 1948. This included the plantmg of gtcat wind- 
breab - 3,300 miles of major tree-line. This tree-planting was accom¬ 
panied by vast irrigatioa schemes - the most spectacular being in 
Tudttnenia. 

Reference has been made in this book to the dvilisadons which grew 
up along the Oxut, tsow called the Amu Darya. 5,000 yean ago there 
were dues in what are now desert areas and there is abundant archaeo¬ 
logical proof of past inigation systems. (And the intetesting focc is that 
th^ us^ plant drainage, like die Sumerians.) At one lime a branch of 
dK Amu Darya flowed acrou Turkmenia to the Caspian Sea and 
the great oases, like Tashkent with its populatian of i,300,oo(\ are 
proof of the fertility of the desert. 

The process of recovering this desert has included the building of a 
dam across the Amu Darya near its ddta to the Aral Sea. This can divert 
neatly 50 per cent of the flow into a 700-mile canal across Turkmenia 
to Krasnovodsk on the Caspian Sea. Another 746 milet of branch canals 
are designed to irrigate about 5,000 square miles of desert, and the middle 
secdon of the canal is designed to fliuh-flood about 37.000 square miles 
of desat for periods of one to three months, to increase the pastures for 
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hones, cattle and sheep. TTie predicted yields of the iirigadon sdieoves 
are, in jnilbotu of tons: wheat, S; sugaAheet. d; cotton, 3: and rice 
In addition diere would be pastures for a,000,000 head of cattle and 
head of sheep. This, apart from the industrial crops, represents 
the food of 100,000,000 people. 

An even snore spectacular Russian scheme is the so-called 'Davidov 
Plan' for diverting the riven Ob and Yenisei. Those great Siberian 
rivers carry an enormous volume of water into the Arctic. The project 
depetsds upon the Turgai Gate, at a point about 50* 35' north and 6 $* 
30' cast. I j mites north-west of die town of TurgaL Thu ‘Gate’ is the 
tunudle, as it were, of the watershed between the Arctic Ocean and the 
Aral Sea. By building a dam ajS feet in height at Bielogorie (61* I' 
north 68* 30' east) near the confluence of the rivers Ob and Irti^ and 
by blasting a deep-cut canal through the Turgai Gate, the waten of the 
Ob could be sent a distance of over 1,000 miles into Lake Aral, and from 
there to the Caspian Sea. By damming the Yenisei where it crosses the 
60th Parallri and by linking one of its tributaries to one of the Ob’s, 
water from the Yenisei could also be diverted along this route. The 
effect will be to aeate a great man-made inland sea as big as Great 
Britain, behind the Bielogorie Dam, linked by navigable canals to the 
Arctic Ocean and the Caspian Sea. When it is completed it will be 
postible to go by ship from die Mediterranean through the Dardanelles 
to the Black Sea and the Azov Sea, up the lower Don, through the 
Don-Volga Canal and the lower Volga to the Caspian Sea; foom diere 
through the Turkmenian Canal to Lake Aral; up through the Turgai 
Gate Canal to the man-made tea and down the lower Ob to the Arctic. 
It will mean reclaiming over 60,000,000 acres of fertile land by inriga- 
don, providing food for another 100,000,000 people. The hydro- 
dectric output from the scheme will be equal to four-fifths of the present 
total hydro-clcctiic production of the United Sutet. 

Some indication of the amount of work involved in this sriicme can 
be got from the &ct that the cutting of the Turgai Gate Canal - just one 
part of the project - will mean shifting 23,500,000,000 cubic yards of 
earth. A modem land-dredger can shift 400 square yards of earth per 
hour, so it would take a thousand such machines, working day and 
night, seven years to make the cutting. 
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22. SBAItlD KHOWt-BDCB CAN BBCLAIU DISBBTS 

The imaginaa on Deed Hot boggle at tudi vast pcojects. Ever once 
Thinking began to thiok, be has contrived (be survival of his species 

by the modibadoo of his environment. TwentietlvceDCury Man can 
command the resources of his mecharucal ingenuity. His machines can 
do in minutes what musdc'slavcs took months to do. He can share 
collective knowk^ and treat the whole world as his plant-nursery or 
his stodcyaid. With wisdom (and bitter experience has taug^ that it b 
rash mdiscriininately to tocroduce plants and animals into an uafaniiliar 
ecology) be can borrow the plants or the animals of odser parts of the 
world and • but only with wbdom - adapt them to his local needs. One 
classical example of this was the invaluable introduction into other arid 
areas of ihe Australian eucalyptus, the toots which reach down to find 
the water-table. At a kind of reverse Icase-lend the introduction of 
'nibterranean dover’ hat meant untold millions to the sheep men of 
Southern Australia. 

One of the most worthwhile enterprises of the post-war world has 
been tbe work of the Unesco Arid Zone Committee, which at very 
limited cost has brought together experts, and their experieoce, fiom 
all parts of the world, to share, or to initiate, reseatches which can make 
tbe great naked placa of the earth, the deserts, habitable by Man and 
productive for his needs. 

aj. LIFB AT HIGH ALTITUOBS 

Apart, however, from the hot deserts and the cold deserts (of the 
Arctic and sub-Arctic) more and more attention is being paid to the 
problems of the hi gh altitudes and the wet tropics. After all, the Incas, 
as we have seen vfot able to cultivate die Andes up to heights as 
high as 17.000 leet. There are at least 12,000,000 people in the world, 
living in the rarified atmospheres at 10,000 feet, or higher, above sea 
level True, they are a special breed physiologically adapted to heights 
at which people accustomed to lower altitudes would be tubjea to 
‘mountain sickness’. There is, however, no reason why mountain areas 
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and high plateaux should be ‘written off* u uninhabitable or unpro- 
ducdTc, which is the attitude adopted by many geographers. It will 
always be a case of'the higher, the fcwec', but ‘fewet* b rdative. 


Far below such hdghcs there arc neglected uplands. We have seen 
how populations tended to settle and expand on the alluvial plains and 
riversides. That b still true of most areas of the world. In soutl^ost Asia 
there are supposed to be dense populations. Actually, countries like 
Burma and even India are &r less densely populated, in relation to their 
area, than Western Europe. The reason b that close setdement b in¬ 
variably in the valleys while the settlers of the uplands are thinly spread. 
The bony b that the river peoples are die vktinu of the Hoods which, if 
conuoUed, would provide the water for the thirsty uplands. Therefore, 
among the ‘multi-putposes' of great dams, to control floods and 'win' 
electricity, ought to be included the irrigation of the « ! plan d t. 

Such irrigation b completely feasible, as one can see from the age-old 
systems of dw Chinese and the Javanese, by which they cany 
along the mountain ridges to form the infrjtc cataracts which tumble 
into die rice terraces and finish up flush-Aooding the paddy fields of the 
plateaux. 


a4. THB T80PICS - WITH T88PIDATION 

Vast areas of the tropical world are still unproductive, in terms of 
Man's needs. The area of Africa held m fief by the tsetse fly b as big as 
the United States. The malarial jungles of India cover soil which could 
feed tens of millions, and the deep hinterlands of Latin America, the 
Amazon and Orinoco forests, are still virtually inaccessibte. 

But, as has already been consittcntly stressed, we must not brashly 
assume that such areas can be indbcriminatcly exploited. It b not just 
sentiment which should make ua pause and feel anxious about die 
destruction of wild lifr in Africa or feel alarmed when lumbermen get 
looae in the forests. Nor must we lightly dumbs the tsetse fly which has 
so frr protected vbgin territory from rape. Wild lifi^ forest trees, the 
tsetse fly and even germs are part of chat ecolc^, the balance of nature. 
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we moat fully understand before we interfere with it. 

Tropical wilt aw lensitn'e wtk 1 have teen a forest tract whkh wai 
turned into a dcticcated detect in seven yean, because the forest had been 
cut down and banana pUntadoni planted in miliury rows. The fore« 
growth had derived its nourithment from the deciduous leaves and 

totting vegetatk* <» the surfke of the soil The rnitted bra^ 

broken the force of foe torrential rain and had shaded the wil from foe 
fierce sun. When the plantation was cttabiiihcd. the natural compou 
diappeated; the soil was roasted hy the sun and scouted off by ^ rams 
and finally blown away by foe winds. The banana Bees had luek^ foe 

nutriment from foe soil but foe leaves had not been an adequate umbrella 

Cta^othct hand, in Thailand I »w what forest management could 
do to preserve the forest complex, at the same time getting teak, and 
stiU allowing areas for cultivation. In that teak jungle, foe foeae dwellen 
had practised shifting cultivation. Their practice was to cut down a tract 
of jungle and set fire to it. The ash fertilised foe wd and gave them at 
most two yean of rice. Thesi foe monsoon rains would scout foe tract 
and they would move on. To their traditional depredations had been 
added the ruthless modem cutting of foe teak for export. The icsults 
one could see in foe Mekong River, the waters of which had foe con¬ 
sistency of liquid chocoUte. heavy with the soil eroded from these 
forests. 

Then a Potest Comervation Service was estabbshed. Trees were 
aelectively cut, w that the balance of foe forest was mainwined. and an 
artangcBvcnt was made, quite amiably, with foe jungle-peasants. They 
were told which pan of foe forest they might deu and bum, in order 
to grow tbeir rice, but before they moved on to their next snip, they 
were p«d to plant teak-saplings supplied by the State nutsccy. 

»5. TBB WIOB-OMN SBACBS 

Of the land surface of foe globe only lO percent b cultivated in any 
way and much of fob is rough grating, hardly better than desert or 
moorland. Only per cent b intennvcly cultivated. Thb b not a fixed 
propoitioo. naturally determined; it simply reminds us, once again, that 
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(knung capacity depends on the methods, and knowledge, at any given 
period of time. (Remember that, at the time of the Norman invasion, 
Britain was already ‘overpopulated* although the figure was only 
1} million, because all the land which was usefully productive by the 
methods then available was already being cultivated.) Hitherto there 
has appeared to be no chance of getting a reasonable return from any 
land that was either too hoc, too cold, too dry, too wet, too tugged or 
generally inaccessible. 

So we are entitled to look at the world afresh in terms of modem 
science and agricultural technology. We can assume that, ghren the 
’directive’ and the tesources, the plant-breeden could now ’uilor-malte’ 
crops to meet conditions whkh have hitherto been intractable; that the 
soil experts could condition dust and clays into soil and make up the 
chemical defidendes which have made some soils unproductive; and 
that with canning, deep-fieeze and radiation-preserving, the food tech- 
nologisu will enable us to distribute produce and to any pare of the 
woild. 

Moreover, the yields of the land which has been cultivated so far have, 
in the light of our modem laboratory knowledge, been largely wasted. 
This is not just the question of wastage (p. 247) throu^ pests in the fields 
and in storage. All those thousands of years, Man and his animals have 
been growing domesticated plants for food or fodder, hut they have 
eaten only those parts which were palatable or digestible and rgected 
the rest. Now we ought to be able to breed more specific chemical 
products. For instance, we can grow plants, or treat plants, so that they 
can yield the types of protein which the human body needs, widtout it 
being first ‘processed’ throu^ the milk glands or the beef-steaks of 
aninials. Only one-chirtiedi of the food value of the fodder consumed 
by an animal is available in the milk or meat. Or, as a British industrial 
development has shown, it is possihle to extract fiom grass, or coarse 
plants, protein in forms which the body is capable of digesting and 
^ ^f it niUring . Thu could bc an immeasurable contribution to the needs 
of the hungry millions - provided chat supplies were cheap enough and 
accessible. 
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>6. SBA'tANCBINC 

ThcD there arc the great waste resources of die sea. In terms of gettug 
oar food supplio from the sea, we ate still at the stage of our Neolithic 
focefsthers, die cave-men huoten. We have domadcated the land 
animah but we sdQ hunt the lea creatures. Why should we not have sea- 
fums and sea-candies? It has been detnonstiated that using tea lakes or 
it b posnble to frn ee in fish and, fertilising the water u we fertilise 
die to increase die algae, the sea-vegetadon, and die planknin, so 
that die fish will multiply and fettea. We can seladvely breed such 
'domesdcated' hsh to stnt our requirements. 

As was suggested m that 'projecdm* of die Arctic of A.P. aotio. 
like Kane Basin, might be fenced in to become submarine range- 
lands and we could have a submerged sea-Texas. 

Apart feom the lea-creatures, there b die lea-vegetadon odiich u 
virtually unoied. There are the jungles of seaweed which can provide 
edible food. When I was yotmg, on the east coast of Scotland die fisher- 
women, with* creds on cheit backs, used to go from door n> door 
‘Hey! Caller duhe and tanglel’ They were selling seaweed, 
fresh gathered and tocctiient. One could buy a fistful for a halfpenny. 
Years I had an expensive dish in a ‘posh’ restaurant and discovered 
that it was carrageen, which is the Irish version of my old ‘Caller dulse 
and tangle'. Extracts of seaweed, algauces, are used in ice-cream and 
other comesdbles and also provide fibres for weaving. 

But die phytoplankton and the sooplankton, the microscopic veget¬ 
able and animal life of the sea, could be a rich source of food if we could 
kam bow to coUea and process them. In the food cycle of the sea, the 
microscopic algae ate eaten by the mioocrustacea, wfaidi are eaten by 
the larger Crustacea, which are eaten by the smaller fish, which are eaten 
by the larger fish, which are eaten by us. That u an ^borate and in- 
fjlirimt process. *1116 whalc, a mammal like ourselves, can have a length 
of sixty feet and a girth of thirty to forty feet, a man of bone, flesh and 
Uubbet. To build that great body it just swims along with its mouth 
open collecting die plankton and geedng water. In this way it gets all 
food and DO uzishment it needs. Why should we not have an atomic^ 
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powered imficul whale, which could collect and compact the plankton 
and nuke it available for ^oory^rocessing into palatable food for 
aaimab and men? 


27 . PISR-1>ABMINC 

Although tea-fish have not been filmed, firth-watei fish have been 
domesticated for centuries by the Orientals, and indeed by the medieval 
monks with their monastery carp ponds. Hus has been an invaluable 
supplement of high protein to dw rke diet of the Eastern peasants and 
could well be extended for the benefit of many 

In Java, the peasants have an ingenious method of Arming their fish. 
Tliey plant’ them with the rice. When the rice-fields ate fiooded, they 
put in the fingerlings which forage and grow among the stems of the 
nee. When the fields are drained to allow the rice to ripen, the fish are 
about tlse site of pilchards, which is the size the Javanese like. In Thailand, 
they have long had their carp ponds but the experts of the Food and 
Agriculture Orgasiisatioo persuaded them to try growing tilapia fish 
with their rice. The Thais arc acotstomed to bigger fish, but th^ have 
compromised. They plant the fish with thdr rice, but in the centre of 
the paddy field they put a pood into which the fish migrate when the 
draining of the paddy starts and where they remain undJ the neset flood¬ 
ing. And this shuttle-service goes on until they are the right size. 

The tikpia introduced a minor revolution into fish-farming. Thereby 
hangs a tale: one day in I9}9 a peasant on the north coast of Java found 
in a lagoon five fish which be did not recognise. By pure «rndfi >f. a 
Dutch fish-biologist was in the dsstria and reco^used the find as 
specimens of Tiiopte nuzambi^, which belonged, as the suggests, 

to Mozambique, on the east coast of A&ica. No one knows to t^ day 
how those fi^ got to Java ot whether they made a piscatorial Kon Tiki 
esqsedidon across the Indian Ocean. Anyway, the Javanese discovered 
what had not been fully appreciated in East Afiica - the exceptional 
qualities of tila^ as a domesticated fish. It is highly accommodating. It 
can grow in sea water, brackish water, st^punt water, fresh water or 
paddy-field water. It has the useful quality of eating the larvae of mos¬ 
quitoes and so redudttg the amount of malaria. It muldpliea fiut. It is a 
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moutb-breeder, a fish which curies its tf«wn ia its moudi to keep the 
eggs safe from predators, and also carries its fingeriiogs in its mouth 
until they can icMk after dteouelres. In the rice fields they can grow to 
appedsing size. 

When the Food and Agriculture Organisation of die United Narions 
wanted to encourage fisb-frnning in countries where people were under¬ 
nourished, it diKovered thu the best practical teadung was to send fisb- 
eseperts from the various countries to study in the East The 'professors’ 
were the illiterate Javanese farmers. The fish voted most likely to succeed 
was lilapia. Class 39’. It was even re-inttoduced into East Africa with 
impresrive results. 


aS. THB SON WB BAT 


All our food derives from the jdiysical rays from the tun. The plant 
b the nwhawiun whkh uscs thosc rays to co n v er t the physical elements 
into the atmosphere, in water or in the soil into the palatable and 
digestible substances which we ear. Nature has spent hundreds of 
millions of years perfecting thu process, so naturally it is complicated. 

But in the past few years, tdentuts have had available to them methods 
which have enabled them to study the bring proceu in the plant Those 
mediodi derive from atomic energy, which produces radio-isotopes, 
chemicals whkh emit cays and are therefore detectable. But they are the 
'twins* of ordinary elements and in any chemical process > test-cube or 
bring - they will behave in exactly the same way as the non-radsoocrive 
variety. Thus, in effect, they can trace out the Uueptint of the process of 
eonverskm of dements into food. 

For a very long time it has been known chat rise green colouring of 
leaves, dilorophyll, b the crap for the sun’s rayt The green cells absorb 
this energy and die plant uses it to convert, from the air, carbon-dioxide, 
hydrogen and oxygen, nitrogen, phosphates, etc. Chlorophyll u being 
thoroughly investigated with radio-isotopes. So b the ‘carbohydrate 
cycle' by vriiich the plant turns carbon into sugar and starches. Indeed, 
it can be said that the carbohydrate cycle has been worked out to the 
complete detail of the fiow-sbeet of a chemical plant Thb has been 
carried further into the study of the build-up of die aminoacids, the 
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chemical ‘building bticks' which form the proteins, and into the study 
of diose complex proteins and how they, in turn, form, and 

repair the cells and tissues of Our bodies. 

Theoretkally it is possible to make such things as carbohydrates - 
sugars and starches - without the interventioa of the soil or ^ plant, 
and radiochemists and the engineers could build factories to reproduce 
die processes of the living plant and create food directly from the 
demeots - like a pbannacisc dispensing a prescription. 

But the ^e^d wheat or barley docs it much more cheaply and more 
dhdendy w that there is no need to anticipate that ultimate crisis when 
the populadon will be so great or our soil so limited or exhausted that 
we shall have to have recourse to completely tyndieoc food. 

One thing which research can show, however, is how fsom a blue¬ 
print Buniliaricy with nature's design we can maVe. growing plants more 
cfltcient. 

Still using plants, we can also develop even &rther the practice of 
soil-lcss ftfming - hydroponks. In this the plants arc anchored by their 
roots in sand, or mulch or sawdust, and a flow of water, with all the 
necessary nutrients, is maintabed. This b perieedy practical - it was 
used during the war on dcKrt islands, such as Ascension, in the sub- 
Arctic in Labrador and to supply die American forces at Chofu in Japan. 
Its merits arc in die production of fresh vegetables but, in engbeering 
and b supervision, it u expensive. 

The other possibility u the cultivation of chlorella. Thb b the most 
direct way of‘eatbg die sun' because thb microscopic plant (the green 
•cum on duck-ponds) b conversion at its sim^est. It multiplies rapidly. 
About so per cent or more of its dry weight b proteb and it contains 
various kbds of vitamins. In Japan they have got fLfteen to twenty metric 
tons of chlorella per acre per year, compared with yields of half a ton of 
soya or i.$ tons a year. Thb microscopic plant can thus yield ten times 
more food per acre than rice I 

The idea of earing the scum of a duck-pond b not very appetbbg and 
chlorella b not very palattble but u makes good cattle feed a^ it 
nourishes Ashes (on fuh-furnis) so that we can get it on die menu, at one 
remove, as a juicy steak or a fish fillet. 

Another thing that has to be borne b mbd b that much more could 
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be extncted &om i^aoa thao ourely tbe teeds, roots oc straw. Tlie 
leaves are particularly rich ia protein and sugar and it is possible by 
modem tnetbods to extcaa this leaf proteus. Or, agab, there are the 
parts of dte plants vducfa are not digestible by humans and have to be 
processed through die ruminants milV or belbee we can 
’ftoouch* them. But there are yeasts and mkro-organtsms which do 
diis just as efficiently at stockyard animals. 

ap. SlBDtKO TBB MACBINBS 

Modem society does not depend on food alone. We have moved a 
long way since the Sumerian peasant first bartered bread for a better tool 
In Britain today only one out of every twenty worken b employed on 
the land (as compared with ning out of ten in Siam), aoo yean ago the 
British firmer was almost selfWufficient On hu firm he could support 
himseir, bu wtfo, a hired man, five or six children and possibly a few 
other dependants. They were all fid and clodsed fiom hu firm. All 
that he had to buy was minimal - a fow tools and a few home amenities. 
Today, fiom a similar firm, be would be (ceding eighty people - mostly 
industrial worken. But it b even more comjdicaced than that. If he 
wants a tractor (and dsete are in Britain as many ttacton as there ate 
firms) he contributes to the livelihood of a great many people as remote 
from hb firm as the oil driller in Saudi Arabia, the iron in 
Labrador, the rubber tapper in Liberia, and the civil servant in White¬ 
hall. 

Industrialisation has meant a rise in the material standards of life - 
what b called ‘prosperity’, by which we usually mean tbat we can enjoy 
things we never knew we needed and that luxuries become necetsides. 
Such indostriahsadoa in the aoo yean of the ‘Steam Revoludon' has 
meant recounc to mrtab and to fossil fiieb (coal oil >nd natural gas). In 
l8to the production of steel in the world was about ],000,000 tons. 
Today, b b about ajo,ooo,ooo tons. The consumpdon of coal through¬ 
out the world b about 1,500,000,000 coos a year nowadays. For our 
industrial purposes we need vast quanddes of copper, tin, lead, 
aJuminiuffl. nickel, cobak, wolfram, etc^ etc. All that has to come out 
of the crust of the earth. In the past fifry yean more minerals have been 
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taken out of the rocb of the fony-mne State* of America than had pre- 
viousty been taken out of the entire crust of the earth dirou^ut the 
cadre history of Man. Mountains of iron have been literally smelted 
away. 

Only a sRuU proportion of rf»e world's 3.900,000.000 people are 
making use of those resources but, as more and more countries Indus* 
triahse and the wortd-populadoo increases, obviously more and more 
minerals wiO be extracted. This, almost as much as the food problem, 
alarms some authorities. They foresee the time when 'indispensable' 
metals and minerals will be exhausted. We need not worry unduly; no 
minerals are 'mdtspensahle' since modem sdence and tetduiology can 
be counted upon to find subsdtutes; but even that will not be necessary. 
For instance, 5 per cent of the composidon of our world is iron, to that 
we could arnK>ur*pUtc the whole planet with a layer a mile or to chick 
and tdll have a great deal left. Britam has been tal^g over 200,000.000 
tons of coal a year out of the ground fiar well over a century and the 
'known reserves' are suflicient for at least another 300 years. The coal, 
however, is more difficult to get; the accessible seams have been worked* 
out and it u necessary to go deeper and deeper and ^cher and fiuther 
(under the seas) to get iL That u true, in locaLdes, of all minerals; when 
the rich oia give out it u necessary to work poorer ores, which means 
expensive extnedon and refining. But in the rocks and in the sea are 
minerals sufficient for whatever man's needs are likely to be. 

30u TUB SIDDLB OP THB BOCKS 

For as long at one can remember, ffie oil companies have been tetdng 
a time limit for the exhaustion of oil In terms of 'proven reserves', 
which mearu what they actually know of the capadty of the oil-fidds 
which they are working, soch prediedoot at any moment may be 
justified. Then wmebody discovers a vast new oil*field and the pro- 
diedont are fidnfied. The truth is that we know very liede, still, about die 
crust of the earth. 

For instance, the United Nadon Economic Commission for Asia and 
the Far Bast tried to measure the natural resources of south-east Asia. 
They collected aQ the geological evidence available and found chat 
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95 per cent ofduareahtdnot been tuiveyed ooa Kaleof gedogical 
gbiran g which would allow even a guess u the resources. Of the 
r emimm g 5 per Cent whid) had been adequately surveyed, only a| per 
cent bad be» developed. Thb ai per cent represented what we had 
i^lliitg 'the wealth of the Indies'. 

The reason for this ^ocance is that most prospecong and test boring 
has been done by private concerns, which are always looking for tome* 
thing in particular, ignoring what they do not want and keepiisg the 
information to themselves. Profasor Dudley Scamp tells bow as a 
young geologiit be went to project for oil in the Chindwin Rives 
basin in Burma: 

1 wu very much excited at finding a hill which teemed to be a 
solid mass of iron ore... 1 rode back two days'journey to the tKarest 
telegraph, tent cablo to secure a p rospecting monopoly, and to advise 
my bead office in Rai^oon of my acdoo. The reply fiom head¬ 
quarters came quiddy. It read: What on earth do you think it the 
good of iron ore in tie Chindwin stop get on with your work.** 

31. KBW MATIBtaLS 

The value of minerals change. On the terrible trek across Canada, by 
Athabasca to the Klondike, hundreds of men died and were buried 
on top of the gold which they had been going another thousand miles 
to find, or in toil which contained a wealth greater today chan gold 
itself *■ uranium. Oidy a few yean ago the most precions substance 00 
earth was radium. Today radium is discarded with the ‘tailings' of 
uranium I In the ramdian oorth-west rich-yielding gold mir^t have 
been doted because the price of gold, and the requirements of it, arc 
fixed and the miners might just as well be hewing cool or quarrying 
slate. But in the hard rocks of die Pre-Cambriao Shield there is greater 
wealth - the metals of the Atomic Age, lithium, beryllium, columbium, 
dtanium, arconiuen, and uranium, etc. Those a few yean ago were just 
laboratory curiosities. Today they are the materials which the engineers 
need for reacton, for jet-propultioa and for space-engineenng. 

I. Our LMerdbvfapW WerU. Mkt mi Faber, 1953 




Arctic Flowers 
Dahlias growing in the Canadian Arctic 
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Thi Wokld Beneath the Sea 

The U.S. Navy’s ^hyscapbe Trits/e v/hieh descended }7.ooo feet into the Pacific - 
S.ooo f^ deeper than Everest is high 
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Tb» reUcive value of mecali was sardonically iDusoraced during the 
'Manharaui Project' whidi produced die atom bomb. There was a 
shonage of copper for wire for electric coils which were needed in vast 
quantity. They took $70,000,000 worth of silver from the caves of the 
Federal Bank and used it instead 1 

Moreover, the materials of industry can drasckally diange in 
character. The development of ceramic materials and, above all, of 
plastics, will o£et or replace many of the most lamitiar usa of metals. 
And one of the most exciting developments in die age of aansiston and 
automation it the use for innumerable purposes of the riligom. Silica b 
in unlimited abundance. 

)a. CAN MACHINES BUY CAES? 

With a flick of a switch, a modem industrial worker can command 
the equivalent of the muscle-eflott of a husidred slaves. Not merely is he 
idieved of the strain on his own musdes but he can magnify and make 
more precise his own skills. The ultunatc logic of what has been called 
'autoDUtion' is that human efl^ will be dbpensed with altogether. 
But, although a lor^ way short of machines which will breed machines, 
the industrial worker can create abundant wealth and a rising standard 
of hving which he must share. 

Must? In an argument with Walter Reuthec of the Automobile 
Workers* Union, an American employer said, ponentouafy, that 
madiines could replace his due>paying members. 

‘But,* said Reuthcr, 'will the machines ako buy your can?* 

This was a salutary reminder that prosperity depends not only on 
making dungs but in distributing them and providing die means to buy 
them. Reuther mi^t also have added, ‘And wi& the madiines go out 
and get thdr *‘food*' - the metals and raw materials - from the under¬ 
developed cotmtries?* 

There is also economic ‘catmibalbni* by which nations devour their 
own prosperity. When everyone has a car, the roads will be unusable; 
when there b a television in every room, including the bathroom, life 
will be intolerable; and when we are glutted with gadgets, culture will 
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die. Nadoo* can. of coune, vainglorkxaly dirow tbeir furplta wealth 
into Space in the form of ntellite* and rocketi - Space Pyramids, for, 
remember, odicr dvilisatiooi simUarfy boasted their mucnal success 
and died (torn the neglect of Acir own backyard. 

The ‘halyard’ <rfthe industrial nadoBl is dsat part ofdse planet which 
B ‘underdewloped’ - Aose countries which are too poor to buy 
surplosa or invest in Ac industrial plants which could 
create that own prospetity. Those are Ae countries vAich ate getting 
poorer and poota as the industrial nanoos get evhet and richer. Their 

peasants scrape Ae soil fot bate subsistence and their wotkers, as primary 

producers, export Ac raw materials to make Ae goods which they 
cannot aSbrd to buy. 

JJ. FOWBl IS WlAtTH (aMD TICl VBRSA) 

The disparity between wealA and poverty of countries can be 

measured m units of industrial energy as well as m units of currency. If 

we convert all energy (coal. oil. electricity, etc.) into ‘coal eqmvalent’ 
and all currencio mto sterling, we can see Ae cofrdadon between 
the pa capita comumption of energy and Ac pa capita incotne: 
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(Thne are divergeodes. For iostaaee. Norwty DcBimHc have sbout cbe 
lamewroiPftaioeome- jCa*s-b« Norwiy'i energy copsumpoocifrrt^ u 
Muly twice that of Deunark’s. TUt is ex^aiaed by Dauasde s iatcniive agt>* 
cuUuR and Norway’i eaergy-comuming ekctro^roceiies.) 
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Power coca money. The most expensive power in die world is 
rousde'power and, paradoxically, that is aS poor people can alTord. The 
cheapest power is hydro-electric -> once the heavy capital costs of dams, 
turbines and genetaton has been met. It is also a geographical truth that 
over 8o per cent ©fall the hydro-electric potential of the world is south 
of the latitude BO* north, north of which, as has been pointed out, 
lie 90 per cent ofall coal reserves and Si per cent of all oil reserves,die 
ibssil foeh which gave temperate-zone Mao the break-away in the first 
Industrial Revolution. And south of that line lie most of the countries 
we call ‘underdeveloped’. Thus a potential source of energy is abun- 
dandy available. But there are the snags: how are impoverished countries 
to provide the ca^tal for the hydro-electric iiutalladoo? And great 
'beads’ of water are not necessarily convenient to centres to be developed, 
and transmission over long di s tsti c a is costly and wastcfiil. 

34 . ATOMIC SHORT-CUTS 

The answer which most of the underdeveloped countries tee as 
’short-cut’ to the Koond Industrial Revoludon (cuice they missed the 
first) is nuclear energy. 'This is a foot-loose ene^ which b not anchored, 
geologically, like coal and oil, or, geographically, like hydro-dectridty. 
'They see it as energy which can be disposed where it u needed. 

That was the expectation, but it is liable to be disappointed. There has 
been a noticeable reluctance on die pan of the Atomic Powers, which 
have the nuclear materials and the know-how, to deploy nuclear 
leacton in uodecdcvcloped countries. 

One of the arguments b the risk of making available fissile fiiek and 
reactors which may be used to produce bombs. With proper in tcmadonal 
safeguards dus hazard could be avoided. If the power uniu were pro¬ 
vided by an effeedve internadoRal agency - leased to the countries - the 
problems of supervision would not be insuperable. No ill-intendoaed 
parties could divert or ‘sneak’ fissile materials for misefaievous purposes 
because the power produced u a fiictor of the fissile materials in a reactor 
and can be easily ebedeed; in any event, it requires elaborate chemical 
ledmdogy and chemical plants to remove such material. 

Another argument is that the only economical form of reactor u thac 
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on lutural unmum. tike Caldec Hall, the British statioa which 
was the fim to commercial dectrieity available from the atom at 
co nB comparable to conveodonal ^uels. Such stations, to ‘pay off, must 
be large (of the order of hundreds of thousands of kilowatts) and must be 
worked as ‘base-load’ stations. That means that dscy must work twenty- 
four houis a day and, dierefore, mutt be part of an clectndty grid 
system fot supplying a large industrial conurbation. They could there- 
frwe be supplied to countries like Germany, luly or Japan, whidi are 
already industrialised - and can afford to buy. A case of‘unto diem that 
hath shall be given* I But what most of the underdeveloped countries 
need axe‘package’ reactors of lower raring, whids means using enrsebed 
fuds, pepping up rise natural uranium with fissile materials like uranium 
2j j or plutonium. This also means, if the rductant Atomic Powers are 
frank, diverting such materials from their own mihtary stockpiles. 

A further, and more valid, cxaise is that power is useless unless it is 
used; that countries must develop industries to absorb the power; and 
that this means having literate and trained people for the industrial 
pbnts. This is the ‘chicken and the egg' argument - you cannot have 
power until you have industries and you cannot have industries until 
you have power; you cannot have tndustria until you have educattd 
and jseople and you casmot afford to educate and train them 

until you have industries. 

When, at rise United Nations Second Conference on the Peaceful 
Uses ofAtoituc Energy in 1958, the spokesman of the Atomic Powers 
produced these hope-deferring arguments, the reply of India was forth¬ 
right. Professor Homi J. Bhahha. one of the world’s great phyridstt, 
repudiated the suggestions. He proved the economics of natural uranium 
for in^»« He showed that a conventional power sarion of 
140.000 kilowatts needed for New Ddlu would require a,ooo tons of 
coal a day. To secure this coal would mean enormous investment in 
mining, and in railways to bring die fuel from the mines. It would mean 
1,700 wagons and jo locomotives to transport it He costed the hnancing 
of such a coal-fuelled sation and shoi^ that the capal cost of a 
nuclear power sation would be less than the capital investment required 
to get the coal and, moreover, nuclear fbd would involve no problems 
in tran^fution. Once a reactor is insalled and ‘crirical’, the uranium 
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repbcemcoG bulk very small indeed. India, as be reminded tbeoi, has 
its own abundant supplies of uranium and chat other fi«ofvnal 
thorium. 

35. FOWBB UNLIMITED 

Homi J. Bbabha, as President of die Hm Conference on the Peaceful 
Uses of Atomic Energy in 193$, put the cat among the pigeons 
by suggesting the possibilicies of fusion energy. Fusion energy is 
released in the conversion of hydr^en into helium. It had already 
happened in cataclysmic propomons in the explosion of die H-bomb. 
Tlw general assumpdoo. however, was that t^ fierce energy could 
never be controlled. To produce it, heat as great as that of die 
interior of the sun is necessary and heat of diat intensity had been pro¬ 
duced on earth only by the eiqilosion of fission bombs. Such bombs - 
similar to chose whidi destroyed Hiroshiina and Nagasaki-were there¬ 
fore used as the detonators, or percussioo caps, of the H-bombs. So it 
appeared that H-energy would always have to be accompanied by 
violent explosioos. Bhabba, however, contended otherwise. He main¬ 
tained that such energy could be controlled and that «d>en this was 
achieved all die power problems of mankind would be solved because 
there would be as much power as there is heavy hydrogen (deuterium) 
in the Seven Seas. That b a lot of heavy hydrogen, because there b one 
atom of heavy hydrogen to every 6,000 atoms of ordinary hydrogen 
and, of course, the water which covers seven-cendis of dK earth's sur&ce 
coRSSts of hydrogen and oxygen (H, 0 ). 

Hb calculated indiscretion caused constemadon because at that time 
die Americans, the Russians and the Bridsh were carrying out, in 
secrecy, such experiments. Subsequent disclosu r es, including the British 
Zeta project, showed that controlled fusion was possible but that the 
difilculdes were immense. To produce fusion and relea s e ene^jy mi an 
industrial scale would mean temperatures of over 100,000,000* cents* 
grade - nearly seven times die temperature of the interior of the sun. 
That may seem as though b becoming bombasde, trying to excel 
the sim ttselfi but the dDference b that the sun has millions of years in 
which to convert hydrogen atoms into helium atoms and Man has not, 
So he has to create higher temperatures. Eventually be will make the 
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gun tbeauelvcs produce tuck temperatures and create tkdr own con- 
^dons offiaion, in a procen which, onceitarted, will be sdf-tustaining. 

One tking which should be made clear is that such a fusion engine 
does not d^ve in any way firom dw escperiments or experienoe with 
the H>bo<nb. It has a separate genealogy and, what is more, the funon 
process docs not prod^ prodocta, those dangerous radio¬ 

active substances the disposal of v^ikh is such a problem (pp. aao-a). 

Anodier exdong possibility is diat it will be possible to get electriocy 
direct &osn the fusioa With fission reactors, the heat produced 
by the splitting atoms is removed and uKd to heat steam or gases to 
drive turbines and generate deetzidty. The beat involved in the fusion 
pcoccn is far too great to be transferred in diis way but there is every 
ti krl ih ^d that the electricity wiO be obtained without the intervening 
turbines and generators. 

This is one of the new advances in scientific tfainkuig. It is not con¬ 
fined to the fusion process. In 1959 a uranium battery was annotmoed in 
America. In this the fission of uranium atoms generated beat in liquid 
cesium and fieed electrons, to be taf^ and taken oS as cutreno of 
dectridty. In principle, cooventioiial heating methods could similarly 
produce a flow of current, given a hot enough flame. 

Thus the world will have access, eventually, to onlimited power 
which can transform the condition of all mankind, and expand industry, 
plumb the depths, and tap the hidden waten for desert irrigarion (or 
de^t the sea), open up ^ climatically forbidding areas atid enable os 
to mnet food and taw materials. But, with dtat teeming population 
of4,000,000,000 only twenty yean away, and moat of it in the countries 
which we call 'underdevelop', power, and therefore prosperity, are 
still aggregadng in those countries which had had the rtuMway successes 
in the first IndcPal Revolution. Consequently the gulfbetween wealth 
and poverty, as between nations, is widening; the wealthy countries are 
building die pyramids of their prosperity and neglecting dietr own 
‘backyaids*. 


36. TBX COUNT-DOWN 

Somewhere, tomedme, in unrecorded history, Man overcame his 
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fear of Ughcning aud matched the burning brand which made him 
Master of Fire. 

At j.jo a-m. on Monday. 26 July 1945, at Alamogordo in New 
Mexico, citcrgy was released from the atom. At 45 seconds from aero 
hour, switches were thrown and electronic gadgets cook over for the 
‘count-down’. So we know to the exact second when the atomic epoch 
began. 

In the first sixty years of the twentieth century Man, the tooJ-making 
animal made more and greater advances than he bad done in the 
previous 60,000 years. He has conquered time and space and has shrunk 
his planet to the dimentioas round which a machine of his own creation 
could dccle once an hour. He has reached out for the ntooo and for the 
sun, with probes which are the inanimate pilots for the human explorers 
adventuruig into Space. 

Time, in terms of communications, has almost reached vanishing 
point. A radio-voice from London or New York cam reach Tokyo, or a 
base in Antarctica, £ucer chan it could be heard on the other side of the 
room, because radio waves travel at 183,000 miles per second, and sound 
waves at less than 700 miles pec hour. Signab ditrlnting cosmic events 
of 300 , 000,000 years ago can be picked up by radio-telescopes - yet they 
occurred so far away in the universe that they cook all that time to reach 
the earth. 

Jet-propelled planes can carry passengers in six and a half hours over 
die Atlantic, which the Pilgrim Fathers cook 106 days to cross. 

There is no place on earth which is inaccessible. Antarctica bis been 
crossed and 'occupied' by hundreds of sdendsts during the Intcmacioaal 
Geophysical Year. Airliners use the Arctic and the Norfo Pole in ordinary 
scheduled flights. The last ‘Shangri-La’ on earth, a forgotten valley in 
New Guinea, has been discovered and its inhabitants exposed to our 
’dvilising influences’. Aircrafts and helicopters can seek out the inter¬ 
stices of the cardt's surfiice. 

Man can woo or bludgeon nature, according to his wisdom or his 
wilfulncss. He can trifle with bis dimatr and produce artificial rain. He 
can explode H-bombs in the scracospheteand produce artificial aurora, 
or be can disperse potion, in the form of radioactivity, in the atmosphere 
on which the survival of his own spedes depends. He can coax die soil to 
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give hiin abundance or so ravage U as to destroy bis means of suU* 
He can devise plants to grow where nature bae been inhospit- 
abk. or ravage die forest regions where nature has been indulgent. He 
can make war on the invisible enemies wbidx cause his diseases or he can 
destroy the tnvisibk allies, the micro^rganmns which are indispenuble 
to his means of living. By the surgery of his dvil engineering he can 
cosmctially change dw fice of his world, or disCgurc it for ever by his 
mibtary engineering. 


37. AND THI COUNT-UP 

Since Homo sapiau first covered his nakedness in fun and kindled fires 
in his cave, he has been striving to overcome the limits of his beat 
aivironmcnt. Since he ceased to be a Itiuitcr and a food gadicrer, and 
became a tiller and a husbandman, be has been trying to order the ways 
of nature to meet the plenitude of liis needs. Since he made the first club 
to outreach his natural enemies and tamed his hru draught animal, he 
has been crying to overcome the iimications of hu own physique and 
bis own nu^ lcfr Since he first discovered that metals were more useful 
dun flints, he hat been mining and quarrying the rocks. But until 
recently such cAbrts and activities have been local or, at least, on a scale 
which had only local effects. 

Qvilintiont grew in geographically confined areas. They had their 
si KffSK * and di^ failores. They readied the limits of their resources or 
their technology. Usually they developed delusons of grandeur which 
encounged dim in wan of conquest. Or their ostentadous wealth 
encoura^ others to make war upon them. They knguished or they 
perished and ofien, as in the man-made deserts of the Middle East, they 
left the havoc of dxir decline, not only in die ruins of dieir dries but also 
in the ruins of die soil. But always there was another dvilisation to 
replace them, to their adtuxe, and, too often, to repeat their 

mistakes. 

Today, oiu dvilisation is not bounded by the ‘Ilgru and the Euph¬ 
rates; it is the whole world. It is sudi a close community, so utcr- 
that distance has become just a backyard fence. And just 
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aj we do not like the daim at da bottom of our garden, we or 

diould not, tolerate Poverty next door to Plenty. 

Ttw land area of the wodd is 135.000,000 square miles. Of that only 
10 per cent has been cultivated. We could add another 10 per cent, 
merely by tla spread and encouragement of existing methods. By capital 
expenditure, by flood control and irrigation Khemes and by mechanisa¬ 
tion of &rm-work wc could extend diat by at least ^n<> thfr 30 per 
By the recovery of deserts, by the agricultural development of Arctic 
bnds and by growing at altitudes, as the Incat did, we could extend the 
cultivatablc areas still further. On the lowest estimate, we could by sudi 
means support a population of at leau 10,000,000.000. So. however 
nusdi we may deplore them, wc need not be terrified by figures like 
4,000,000.000 - except that they ate only twenty yean away, k is the 
time factor, not the numbers, that is the real cause for concern. That 
is why the development of underdevdoped countries, which inc l u d es 
industrialisation to remove the pressure on the land, is a matter of 
urgency. 

To raise the i mpoveridaed countries to the average European level of 
advance would mean, according to the U.N. experts, the investment of 
outside capital of about ;(j5,ooo,ooo,ooo a year. This sounds a pro¬ 
hibitive figure unless wc have a sense of proportion. The Times has 
pointed out chat the bunching of the Soviet sputnik cost the American 
economy $ 13.000,000,000 in one year. This was not the cost of the U.S. 
Space programme but iisduded the secondary cflects on the national 
budget and die tutional product of the usdden recognition that Russia 
was a ccchnologica], as well as a miliary, competitor. To achieve a sense 
of proportion we should ako tetnember that the world is spending 
something like ,()40,ooo,ooo,ooo a year on armaments for defence. For 
a fraction of chat we could be changing living scandudi frr all mankind. 
So the costs of development ace mondial and not astronomiesL 

The facts of our situation should appear abundantly pbtn. No one 
can doubt that mankind could destr^ itself in the suidde-put of a 
nuclear war. Yet those latiie powers of destruction can be tumed to 
industrial uses and to the benefit of the human race. Almost as terioui 
as the nuclear explosion b the popubdon explosioo. How are 
^ people goiag *0 »-«>« twenty yean from now? Unloi 
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we tead aright the lessooi of the Part, apply the sdencc and technology 
of the Present and plan, with wisdom, for the Future, we ihall not End 
die answer. 

That answer cannot Ue in Space excursions. No one can, nor would 
want to, curb die resdess outreaching curiosity of Man. It u true that, 
throughout all hiitory, nations have diverted their matehal surpluses to 
military adventures, to destruction and killing. And if mankind could 
conceivably find a common purpose in Space enterprisa, it might be a 
rational alternative to wars, l^t it ought to be a common purpose, not 
a competitive one > not ‘throwing P^amids into Space’ at the expense 
of our own backyard. 

But the real answer must lie here, on our own plasiet. Our civilisadon 
is now global, patterned with diverm cultures, ideologies and ways of 
life, but, in urrns of material survival and interdependence, inescapably 
one. We have seen, in this book, how a procession of dvilisadoos 
perished and were succeeded by others, which salvaged the enduring 
values of die predecessors. Mistakes were made on a local or re^onal 
hut now they can be made on a global scale. 

Ever since prim^ Man made his first took, clothed bunsdf in pelts, 
to that be could emerge feom the tropics of his nakedness, harvested his 
first crops so that be was no longer dependent on an elusive (bod-supply 
and sto^ his grains so that be was no longer cemstrained by the seasons, 
the generatiosu of mankind have been struggling to master dieir 
environment. To mere survival have been added the opportunitia (or 
the (tiller life, the material amenities and cultural enjoyments - still 
denied to the many and rejected by many. 

With the resources of modem science and technology, tempered by 
wisdom, we can escape (rom the limitations of past civilisations, and 
succeed where they feiled. 

But, remembering the 4.000,000,000 people who will share this [danet 
in twenty yean’ dme, science and statesmanship will have to work fast. 
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